Radio Progress During 1939 


HE year 1939 presented an unusual degree of 

progress in nearly all branches of science. In 

radio, progress was particularly marked, and 
the year was probably the outstanding one of the last 
two decades. The year was unusual in that great prog- 
ress was effected in all aspects of the art, in the scien- 
tific branch, in engineering matters, and in practical 
public-service innovations. 

On the scientific front, progress in investigation of 
wave propagation was especially noteworthy, and the 
resulting increased knowledge brought about improve- 
ment in the ability to select frequencies most effective 
in long-distance transmission. Much new knowledge 
of an immediately useful sort was acquired in the 
relatively new field of ultra-high-frequency propaga- 
tion, and the National Bureau of Standards began the 
service of issuing monthly predictions of maximum 
usable frequencies. 

Many new instrumentalities of much practical 
use were made available. New tubes and devices for 
the handling of ultra-high frequencies, noise-measuring 
instruments, numerous new electronic devices, new 
insulation materials, and measurements of the hearing 
capacities of three quarters of a million people, were 
among the noteworthy items and indicate the wide 
range of contributions to the field. During the year 
the National Bureau of Standards began another use- 
ful public service by transmitting continuously a radio 
carrier frequency of 5 megacycles modulated with the 
staniard musical pitch of “A440.” This service is of 
great benefit to the musical and broadcast industries 
by making possible the pitch standardization of musi- 
cal instruments. 

Three new broadcast services were introduced to the 
public during the year. These were television, fac- 
simile, and ultra-high-frequency sound broadcasting 
with frequency-modulated waves. In each of these 


services several stations began regular program opera- 
tion and receivers were placed on the market for sale 
to the public. Any single year witnessing the introduc- 
tion of one important new public service is noteworthy 
so that the year 1939 was especially remarkable be- 
cause it saw the introduction of three important new 
public services. 

In commercial facsimile communication, many im- 
provements in technique were introduced during the 
year, with consequent great improvement in the qual- 
ity of picture transmission by radio. In addition, high- 
quality picture transmission by high-speed cable be- 
tween New York and London was initiated early in 
the year. 

In the home broadcast-receiver field, the perform- 
ance in the United States was record-breaking. The 
number of receiving sets and the number of vacuum 
tubes manufactured during the year was about 50 
per cent greater than in 1938. About 9,000,000 re- 
ceivers, and 100,000,000 receiving vacuum tubes were 
produced in the United States. There was a marked 
increase in the use of lightweight dry-battery-operated 
portable receivers, radio-phonograph combinations, 
and attachments for home recording. These items, in 
total, represent a very substantial increase in the home 
utilization of radio and its associated instrumentali- 
ties. 


The foregoing summary is based on the information 
compiled by the Institute’s technical committees and 
reported by them in the following pages. The sum- 
mary was prepared by the 1939 Annual Review Com- 
mittee, the personnel of which follows: 


A. F. Van Dyck, Chairman 


E. K. Cohan H. S. Knowles 
J. H. Dellinger E. G. Ports 

W. G. H. Finch H. M. Turner 
D. E. Foster P. T. Weeks 
Keith Henney L. E. Whittemore 


PART I—ELECTROACOUSTICS* 


Loud Speakers— Microphones—Electromechanical Devices—Room Acoustics— 
Measuring Apparatus and Techniques—Speech and Hearing 


Loup SPEAKERS 


No fundamentally new types of loud speakers were 
reported during 1939. The moving-coil direct-radiator 
type continued its domination of radio applications. 
Improvements were made which extend the frequency 
range, diminish nonlinear distortion, and improve the 
spatial distribution at high frequencies. 

A horn-type loud-speaker unit utilizing an annular 
or ring-shaped diaphragm with high flexural stiffness, 
was made available. The lowest flexural resonant 
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frequency substantially exceeds that of a dome-shaped 
diaphragm of equal area. The outlet location is so 
chosen as to maintain uniform radiation resistance up 
to a relatively high frequency. 

A new cellular horn has rigid medial partitions 
attached to the cell walls through resilient damping 
material, to stiffen the cell walls, dampen their me- 
chanical modes, and eliminate approximately half the 
transverse acoustic modes. The total radiation and 
polar characteristic of a cellular horn depend on the 
relative transit times of the sound waves through the 
passages. In this horn the passages are so constructed 
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that the transit time is controlled without changing 
their physical length. 

Uniform coverage over a wide horizontal angle was 
achieved in a single-channel horn.! A throat section 
connects at right angles with a mouth section which 
subtends a constant horizontal angle and has a suit- 
ably chosen vertical flare. 

Frequency modulation and television revived in- 
terest in inexpensive wide-range loud speakers. Im- 
provements in the design of curvilinear diaphragms 
and their suspensions made possible the production of 
several single-diaphragm units? meeting these require- 
ments. 

Refinements in single-voice-coil, multiple-cone loud 
speakers were also reported.’ 

Further investigations into nonuniformities of the 
magnetic field in the air gap of a moving-coil loud 
speaker were reported? *and good agreement between ex- 
perimentally determined and calculated values shown. 

An experimental study of European output tubes 
employing loud-speaker loads was reported.’ Tests 
were made of pentodes with negative feedback suffi- 
cient to provide source resistance and resulting damp- 
ing equivalent to that for a triode. Under these condi- 
tions pentodes proved to be superior as regards power 
sensitivity, distortion, and effect of reactive compo- 
nents of the normal loud-speaker impedance. 

There was made commercially available a compact 
dual-speaker system which consists of a small direct- 
radiator high-frequency speaker mounted coaxially 
within the hollow of the cone of a low-frequency unit. 
The size and position of the high-frequency unit result 
in a wide-angle polar response and wide-range repro- 
duction with apparent unit source. 


MICROPHONES 


No radically new types of microphones appeared 
during 1939, more attention being paid to applications. 
The frequency spectra of impulsive sound sources, 
when placed in free space, pressure chambers, and 
exponential horns, were investigated.’ These sources 
were used in the calibration of microphones, the re- 


sults agreeing to within +1 decibel with those ob- . 


tained by conventional means. 


ELECTROMECHANICAL DEVICES 


Investigations of the physical properties of piezo- 
electric crystals were continued. One research® meas- 
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ured the elastic, electric, and piezoelectric constants 
by determining, at low field strengths, the resonant 
frequency and impedance of vibrating Rochelle salts. 
It was shown that the lowest resonant frequency of the 
crystal is considerably below the natural mechanical 
resonant frequency of the piezoelectric crystal. If 
piezoelectric stress is assumed proportional to the 
charge density rather than the potential gradient as 
was usually assumed, then agreement appears between 
theory and experiment. Other researches dealt with 
the specific heat of the crystals to ascertain whether 
anomalies exist®!° but agreement between different 
investigators is lacking. 

An inexpensive radio-phonograph combination in- 
corporating a simplified recording mechanism for 
home use has been offered by one radio receiver 
manufacturer. Coated-paper record blanks are used, 
and recordings can be made from either microphone 
or radio input with immediate playback through the 
regular phonograph channel." 

Recording on disks for immediate playback con- 
tinued to be based largely on experience rather than 
theory, with a fuller appreciation of the many precau- 
tions!” necessary. The effects of pickup, character of 
track modulation, and ear response on scratch were 
investigated. 

Recording on magnetic tapes received much atten- 
tion, with continued improvement in convenience and 
response. 

The effect of transient elastic deformation of lateral- 
cut phonograph-record grooves was investigated" 
from the viewpoints of tracking and distortion. 

Studies of piezoelectric crystals as elements of elec- 
troacoustic devices were made to determine design 
characteristics of the crystal and matching ampli- 
fier 16.17 

Room ACOUSTICS 


The problems encountered in architectural acoustics 
are so complex that most of the advances were of an 
empirical nature. However, the fresh viewpoint of 
recent theoretical work gave every indication of aiding 
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progress by beginning to explain many of the effects 
encountered in practice. 

The room problem received extensive theoretical 
treatment in which the normal acoustic impedance 
of the boundaries was used to determine the modes of 
free vibration.!8!9 The pressure variation in the stand- 
ing waves between walls, one of which has infinite 
impedance, gives information applicable to live-end— 
dead-end studio construction. 

Information pertinent to the boundaries was ob- 
tained by steady-state transmission measurements’? 
between source and receiver in a model room. The 
width of the resonance curve at the half-intensity 
points was shown to be a measure of the total absorp- 
tion for a given mode of vibration. 

Methods for the computation of sound-pressure de- 
cay were presented for simple configurations of source, 
treated room, and detector.” Results agreed very well 
with measured decay curves using warble tones and 
an automatic recorder. An important feature is the 
weighting of the normal modes of vibration according 
to their directions.” 

Isobaric plots of the sound field in model rooms of 
high wall impedance?” show the effects of sloping walls 
and coupled spaces and the existence, in rooms of 
irregular shape, of well-defined standing-wave patterns. 


The use of an enclosure of moderate size to study . 


the decay of isolated normal modes* was reported. 
Good agreement was obtained between damping co- 
efficients obtained from reverberation times and those 
computed by normal impedance measurements. 

A study of the absorption coefficients of materials 
by a direct measurement of reflection in free space 
was made,”> and comparisons with theoretical values 
and the usual standing-wave method values showed 
good agreement. 

A sound source for space-acoustic measurement was 
developed providing a plurality of equiamplitude 
tones spaced equally in frequency over a frequency 
band. The tones, derived from disk records, have a 
constant ratio of band width to mean frequency. 

More work was done with resonant absorbers con- 
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sisting of resistive as well as reactive elements.?’ A 
device using this principle was constructed for deter- 
mining absorption coefficients by the substitution 
method.?8 


MEASURING APPARATUS AND TECHNIQUES 


The technique of square-wave testing,?? given a 
great impetus by television, has important application 
in the testing of electrical and electroacoustic ap- 
paratus. There was announced a generator?’ for this 
purpose, in which the voltage change takes place 
within 0.001 cycle. 

An optical harmonic analyzer was constructed’! 
which uses a variable-area recording of the sound to 
be analyzed. Variable-density masks of the desired 
harmonics are superimposed on the original and the 
combination scanned for maximum and minimum 
light transmission to obtain amplitude and phase. 

The German Acoustics Committee made proposals” 
to the International Standardization Association 
(I.S.A.) regarding specifications for microphone and 
loud-speaker rating and testing, for an international 
standard of pitch, and for noone and playback 
equipment. 

The need for a standard of musical pitch has been 
demonstrated by a series of measurements’? on 
“A440” taken during concerts broadcast from four 
European countries. The average pitch of each of the 
various groups varied markedly, and small deviations 
were noted during a performance. The continuous 
broadcast of “A440” at a carrier frequency of 5 mega- 
cycles was inaugurated by the National Bureau of 
Standards.*4 

Apparatus for producing artificial reverberation was 
developed. In one type the signal is magnetically re- 
corded on a moving tape from which a number of 
time-displaced pickup heads feed the energy, through 
adjustable volume controls, back into the transmission 
line. In another, delay and decay are obtained by 
impressing signal-modulated radiant energy from a 
mercury-vapor source on the phosphor-coated rim of 
a rotating wheel. A third type utilizes a mechanical 
transmission line of interconnected helical springs, 
with various values of impedance and time of trans- 
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mission. A moving-coil motor drives the line, and the 
delayed signal, with its multiple and nonuniform re- 
flections, is picked up by a piezoelectric receiver. 

For investigating microphone distortion a standing- 
wave resonance system was described?” that produces 
a high-pressure sound field in which a given harmonic 
has been eliminated. It consists of a long, heavy- 
walled iron pipe with a dynamic loud speaker at one 
end and a movable iron piston at the other. Harmonic 
attenuation factors of 68 to 1 and higher (on a pressure 

basis) are obtained, hence the sound field is free of 
the unwanted harmonic to within a few hundredths of 
one per cent with three per cent harmonic in the 
speaker-input voltage. 


SPEECH AND HEARING 


Additional data concerning speech characteristics 
became available. A study of sound pressure in the 
neighborhood of a speaker’s head? revealed that 
equalization of microphone circuits to correct for this 
variation is unnecessary for angles between +90 and 
— 45 degrees in the vertical plane and up to horizontal 
angles of 75 degrees. Further information permits 
equalization at extreme angles. These data permitted 
the calculation of the average spectra of voice power 
for men and women.??:40 

Important additions to our statistical knowledge of 
hearing ability resulted from measurements on a large 
representative sample of people obtained under con- 
trolled conditions.: In one study, tests for the acuity 
of hearing for both pure tones and spoken words were 
made on half a million persons at the New York and 
the San Francisco World’s Fairs.***4 Preliminary con- 
clusions indicate hearing deficiencies sufficiently com- 
mon to warrant their consideration in the design of 
reproducing equipment. 

Threshold variations in the frequency band width 
which the ear just perceives in speech transmission 
were reported.” By progressively changing the cutoff 
frequency of low- or high-pass filters, the ear distin- 
guishes approximately 30 stages of band-width varia- 
tion; only some of these are approximately logarith- 
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mic frequency increments. 

A binaural hearing aid has been developed employ- 
ing an artificial head containing two microphones at 
the ear positions. The transmission of each channel is 
adjusted to the individual ear. Another hearing aid 
has been introduced using an improved bone-conduc- 
tion receiver*” with a new type of spring-suspension 
design giving increased efficiency, extended frequency 
response, and a sharp high-frequency cutoff. 

The asymmetry of the wave form of masculine 
speech has been used to permit “150 per cent modula- 
tion” by so connecting the microphone to the trans- 
mitter as to make the larger peaks correspond to posi- 
tive modulation.*8 

Basic studies of speech sounds led to the construc- 
tion of devices for synthesizing speech. In one instance, 
an instrument analyzes the pitch and spectral distribu- 
tion of a speaker’s words and by means of low-fre- 
quency control currents containing none of the original 
frequencies, synthesizes speech from a combination 
of buzz- and hiss-type sounds.*?*® Another version of 
this instrument was constructed for demonstration 
purposes in which arbitrary speech sounds were ob- 
tained from the same components as above but con- 
trolled manually by a skilled operator.*! 

As a factor in stimulating audience reaction in the 


theater, increased use is being made of supplementary 


sound controlled by electronic means. Experiments 
were carried on and methods developed by which the 
entire frequency and intensity range to which the ear 
responds may be used to establish locale, atmosphere, 
and mood. 


A number of developments reported during 1938 
had their first formal publication in 1939.53-56 
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Committee on Electroacoustics of the Institute of 
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PART II—ELECTRONICS* 


Cathode-Ray and Television Tubes— Ulira-High-Frequency Tubes—Recewing Tubes— 
Transmitting Tubes—Gas Tubes—Photoelectric Devices 


CATHODE-RAY AND TELEVISION TUBES 


Television pickup tubes of the iconoscope type were 
made more sensitive and with a more sharply focused 
beam. A tube which attains high storage efficiency 
and freedom from spurious signals through the use of 
a scanning beam composed of low-velocity electrons 
was announced.'” Further improvements in tubes 
which use a picture-storage grid to control the passage 
of scanning electrons? and in tubes which use second- 
ary-emission amplification of an electron image,*® 
took place. Theoretical work showed the possibility 
of attaining a large increase in pickup-tube sensitivity 
by using repeated multiplication of an electron image 
of the scene to be transmitted.® New forms of pickup 
tubes which operate with beams of high-velocity 
electrons‘ or make use of change in capacitance result- 
ing from illumination were developed.’ 

Direct-viewing television picture tubes with larger 
deflection angles than heretofore were made available 
commercially. These are shorter tubes and have better 
spot-size characteristics at the cost of increased scan- 
ning-power requirements and greater susceptibility to 
spot distortion at the picture edge. Wider use is being 
made of magnetic lenses for focusing the beam.® A 
method of avoiding the ion-spot discoloration of the 
screen by separation of the ions from the electrons by 
means of a constant transverse magnetic deflecting 
field appeared.® The possibility of increasing the beam 
voltage without proportionately decreasing the deflec- 
tion sensitivity by means of beam acceleration after 
deflection received both theoretical and experimental 
study,'°14 Such tubes have been made available. 
Geometrical distortion of the picture shape resulting 
from bulb curvature has been avoided in some tubes 
by using a flat screen.® In one type of tube the screen 
has a rectangular shape enabling more of the screen 

* Decimal classification: R330 621.375.1. 

1 Albert Rose and Harley Iams, “Television pickup tubes using 


low-velocity electron-beam scanning,” Proc. I.R.E., vol. 27, pp. 
547-555; September, (1939). 


2 “Orthicon, ” Electronics, vol. 12, pp. 11-14, 58-59; July, (1939). 


3 Knox Mcllwain, “Survey of television pick-up devices,” Jour. 
A pp. Phys., vol. 10, pp. 432-442; July, (1939). 

4]. D. McGee and H. G. Lubszynski, “E.M.I. cathode-ray 
television transmission,” Jour. I.E.E. (London), vol. 84, pp. 468- 
475; April, (1939). 

5 M. Knoll, “Cathode-ray television tubes,” Telefunken Haus- 
mitteilungen, 20th year, pp. 65-79, July, (1939). 

€ H. A. Finke “A television pickup tube,” Proc. I.R.E., vol. 27, 
pp. 144-147; February, (1939). 

"M; Knoll and R. Thiele, “Capacity-modulated cathode-ray 
scanning tubes,” Teleg.- Fern.- und Funk-Tech., (Supplement), vol. 
27, pp. 538-540; November, (1938). 

ë “The wireless exhibition, 1939; A technical survey,” 
Eng., vol. 16, p. 510; October, (1939), 

* “Philco demonstrates improved picture tube,” Radio and Tel. 
Weekly, vol. 47, p. 6; June 21, (1939). 

10 E. Schwartz, “On the present position of the problem of post- 
deflection acceleration in cathode- -ray tubes,” Fernseh A. G., vol. 
1, pp. 19-23; December, (1938). 

1l Rogowski and Thielen, “Post-acceleration in cathode-ray 
GA Arch. für, Elektrotech., vol. 33, pp. 411-417; June 14, 

39), 


Wireless 


area to be used for the picture.! The design of magnet- 
ic-deflection coils has received attention." 

A projected picture, 12 by 15 feet, having improved 
brightness was demonstrated to motion-picture 
audiences.'4 A projection tube in which the fluorescent 
screen is deposited on the inner surface of a metal 
wall, the outer surface being exposed for direct air- 
cooling,!? was developed for use with home television 
receivers. Theoretical and experimental investigations 
demonstrated the possibility of using a cathode-ray 
beam to control the light transmission of a screen. 
In one form of tube, zinc-blende crystals are flooded 
with polarized light, and the transmitted light is 
focused on the projection screen. 

Published investigations in the field of electron 
optics include a mathematical analysis of the electron- 
lens field," calculations for the focusing of high-veloc- 
ity electrons,!® 9 analysis of the acceleration of elec- 
trons after deflection,!! and calculation of aperture 
errors.”° 

Continued analyses of the possibilities and limita- 
tions of the electron microscope have led to published 
results dealing with chromatic errors”! and resolving 
power.??4 The raster or scanning-type*® and the 
shadow-type** microscope were described and their 
relative merits discussed.?? 


12 R, Moller and G. Schubert, “The further development of our 
receiver and picture-viewing devices for 1939,” Fernseh A. G. 
vol. 1, pp. 153-161; August, (1939). 

33 H. Bahring, “The deflection of the electron ray in the cathode- 
ray tube by magnetic fields produced by coils,” Fernseh A. G., vol. 
1, pp. 15-19; December, (1938). 

( T i cinema equipment,” Television, vol. 12, p. 199; April, 
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8 M. von Ardenne, “Methods and arrangements for the applica- 
tion of the ‘storage’ principle to television reception,” Teleg.- Fern.- 
Ge ~ Tech., (Supplement), vol. 27, pp. 518-524; November, 

1938). 

16 M. von Ardenne, “Storage methods in television reception,” 
Television, vol. 12, pp. 67-12; February, (1939). 

e A Boni, “Calculation by successive approximations of the 
electrostatic field of a cylindrical system,” Radio e Televisione, vol. 
3, pp. 335-346; May, (1939). 

18 Cutte, “The focusing of electrons possessing high velocities 
and the general properties of centered systems in relativistic me- 
chanics,” Rev. Gen. del’ Elec., vol. 45, pp. 675-677; May 20, (1939). 

19 M. von Ardenne, “On an electrostatic high- voltage lens of 
C ee length.” Naturwiss., vol. 27, pp. 114-115; September 8, 

1939). 

20 Gundert, “The aperture error of electrostatic tube lenses,” 
Zeit. fiir Phys., vol. 112, pp. 689-690; June 1, (1939). 

21 Hillier, “The effect of chromatic error on electron microscope 
images,” Canadian Jour. Res., vol. 17, pp. 64-69; April, (1939). 

2 M. von Ardenne, “Remarks on the magnitude of the chromat- 
ic error in the electron microscope,” Zett. für Phys., vol. 113, pp. 
257-259; July 4, (1939). 

23 Von Borries and Ruska, “Experiments, calculations and re- 
sults of the problem of the resolving power of the super microscope,” 
Zeit. fiir Tech. Phys., vol. 20, pp. 225-235; no. 8, (1939). 

24 M. von Ardenne, “Questions of intensity and resolving power 
of the electron microscope,” Zeit. fiir Phys., vol. 112, pp. 744-752; 
June 1, (1939). 

2 M. von Ardenne, “The electron raster microscope: Theoretical 
foundations,” Zeit. für Phys., vol. 109, pp. 553-572; July 11, (1938). 

26 Boersch, “The shadow microscope, a new electron super- 
microscope, ” Naturwiss., vol. 27, p. 418; June 9, (1939). 

27 M. von Ardenne, “Efficiency of the electron shadow micro- 
scope,” Naturwiss., vol. 27, pp. 485-496; July 14, (1939). 
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Work on oscillograph tubes continued. Tube devel- 
opment included the use of multiphase fields?® for 
ultra-high-frequency waves and the design of multi- 
beam tubes.?? Beam-deflection theory relating to the 
deflecting-plate region has been refined to include 
effects of stray fields and their expression in terms of an 
equivalent uniform deflecting field.?? Calculations of 
the optimum shaping of the deflecting plates for high- 
est possible sensitivity were contributed.*! An investi- 
gation was made of the cutoff phenomenon with elec- 
trostatic-deflection tubes as applied to frequencies at 
which the transit time is significant.*? 

Luminescent materials of improved properties were 
developed. A useful comprehensive survey of the 
state of the art has been published.’ 


ULTRA-HIGH-FREQUENCY TUBES 


The past year witnessed the publication of a number 
of papers on some new types of ultra-high-frequency 
electronic devices which are characterized by the use 
of electron beams and by unconventional input and 
output circuits. 

Several of the reported developments of electronic 
devices, whose operation depends essentially on im- 
pressing a velocity variation on an electron stream, 
are closely related to some earlier work,** which ap- 
peared to receive scant recognition at the time of its 
publication. 

Of such devices those variously referred to as “Kly- 
strons” or as “Velocity-Modulation” tubes, or as using 
“Phase Focusing” form one class. In this class as a 
result of velocity variation, faster electrons tend to 
overtake slower electrons which preceded them, and 
the electrons subsequently become grouped when the 
stream is projected through a field-free region. After 
grouping has occurred, the stream is sent through an 
output region and may finally be collected at a rela- 
tively low velocity. 

Whereas the earlier work was restricted, in that the 
input and output regions were interconnected, the 
more recent devices are often constructed so as to iso- 
late the input and output portions of the structures. 
One device® described during the year employs input 


2 H. E. Hollmann, “The deflection of cathode rays in multiphase 
fields,” Elek. Nach. Tech., vol. 15, pp. 336-341; November, (1938). 
29 A. Bigalke, “Four-beam electron tube of high writing veloc- 
ae — für Elektrotech., vol. 33, pp. 108-110; February 15, 
1939). 

3 A, Thoma, “New investigations on cathode-ray oscillo- 
graphs,” Funktech. Monatshefte, no. 10, pp. 313-316; October, 
(1938); no. 11, pp. 329-331; November, (1938). 

31 Flechsig, “Electrostatic deflection in cathode-ray tubes with 
nonparallel deflecting plates,” Elek. Tech. Zeit., vol. 60, p. 798, 
July, (1939). (Summary only.) 

2 Hollmann, “Ultradynamic overcontrol of cathode-ray tubes,” 
7 el und Elektroakusttk, vol. 52, pp. 125-129; October, 

1938). 

3 H. W. Levereng and F. Seitz, “Luminescent materials,” Jour. 
App. Phys., vol. 10, pp. 479-493; July, (1939). 

34 Arsenjewa-Heil and Heil, “A new method of producing short 
undamped waves of great intensity,” Zeit. für Phys., vol. 95, pp. 
752-762; July 12, (1935). 

35 R. H. Varian and S. F. Varian, “A high-frequency oscillator 
and amplifier,” Jour. App. Phys., vol. 10, pp. 321-327; May, (1939). 
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and output circuits in the form of electrically resonant 
cavities. More exact formulas for the resonant fre- 
quencies of such circuits have been developed and the 
coupling problems have been considered.*6—4t 

Another device* employs electrodes in the form of 
cylinders whose lengths correspond to an electron 
transit time of an odd number of half periods at the 
operating frequency. Each of these electrodes doubles 
the number of points at which the circuit interacts 
with the electron stream. This is said to increase the 
over-all transadmittance of the device by a factor of 
approximately four. 

A second general class of devices obtain electron 
grouping from velocity variations by the use of deflect- 
ing or reflecting fields to separate fast- and slow- 
moving electrons.” 

While no detailed experimental results have been 
published, satisfactory operation of an amplifier of the 
velocity-variation type was described for frequencies 
as high as 6000 megacycles (5 centimeters), with an 
input conductance as low as 20 micromhos. Oscillators 
with outputs of 300 watts at about 1000 megacycles 
(30 centimeters) were also reported.® 

A related device described during the year, em- 
ployed an electron beam and an electrically resonant 
cavity for its output circuit but depends upon the con- 
ventional grid for grouping of the electrons in the 
stream. An output of 110 watts with an efficiency of 
35 per cent at 450 megacycles was reported, the re- 
quired driving power being 10 watts. In a 500-mega- 
cycle tube with an output of 10 watts, the use of an 
improved focusing scheme has been disclosed and the 
operation of the device as a wide-band amplifier 
described. 

The general theory of electron grouping received 
considerable attention.**-* The analyses have in gen- 
eral taken two forms: one#46:47 52,53 in which the mutual 


3 W. W. Hansen, “On the resonant frequency of closed con- 
centric lines,” Jour. App. Phys., vol. 10, pp. 38-45; January, (1939). 

37 W. W. Hansen and R. D. Richtmyer, “On resonators suitable 
for Klystron oscillators,” Jour. App. Phys., vol. 10, pp. 189-199; 
March, (1939). 

38 F, Borgnis, “Electromagnetic natural vibrations of dielectric 
spaces,” Ann. der Phys., vol. 35, pp. 359-384; June 11, (1939). 

3 R. D. Richtmyer, “Dielectric resonators,” Jour. App. Phys., 
vol. 10, pp. 391-398; June, (1939). 

40 M. Jouguet, “On the natural electromagnetic oscillations of 
a cavity,” Compt. Rend., vol. 209, pp. 203-204; July 24, (1939). 

41 A. G. Clavier, “Theoretical relationships of dielectric guides, ” 
Elec. Comm., vol. 17, pp. 276-290; January, (1939). 

2 W. C. Hahn and G. F. Metcalf, “Velocity-modulated tubes,” 
Proc. I.R.E., vol. 27, pp. 106-116; February, (1939). 

48 “Cathode-ray amplifier tubes,” Electronics, vol. 12, pp. 9-11; 
April, (1939). 

“ A. V. Haeff, “Ultra-high-frequency power amplifier of novel 
design,” Electronics, vol. 12, pp. 30-32; February, (1939). 

4 A, V. Haeff and L. S. Nergaard, “A wide-band inductive-out- 
put amplifier,” Proc. I.R.E., vol. 27, p. 610; September, (1939) 
(Abstract only.) (See this issue.) 

46 L. Mayer, “Experimental demonstration of phase focusing,” 
Zeit. für Tech. Phys., vol. 20, pp. 38—42; no 2 (1939). 

41 W. C. Hahn, “Wave energy and transconductance of veloc- 
ity-modulated electron beams,” Gen. Elec. Rev., vol. 42, pp. 497- 
502; November, (1939). 

48 Simon Ramo, “The electronic-wave theory of velocity-modu- 
lation tubes,” Proc. I.R.E., vol., 27, pp. 757-763; December, 
(1939), 
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repulsion effects between electrons are disregarded or 
at best are included only as a second-order correction, 
but which is applicable to large and small signals; 
and a second®’-* in which space-charge forces are con- 
sidered but in such a way as to limit the analysis to 
small signals. The large-signal theory indicates that a 
theoretical output efficiency of 58 per cent is possible.” 

The problems associated with the formation and 
use of the electron beams required by the above de- 
vices received independent study.*45> Other theoretical 
advances included some progress in evaluating the high- 
frequency effects of double-valued electron velocities.*® 

The successful operation of a diode oscillator at 3000 
megacycles (10 centimeters) was reported.*’ 

Of the more conventional types of vacuum tubes®?59 
a 20-kilowatt tetrode amplifier suitable for use at 
frequencies up to 120 megacycles (2.5 meters) was 
described.58 In order to minimize coupling between 
the input and output circuits the tube is of a special 
double-ended construction. A squirrel-cage screen is 
supported at both ends by radial flanges which can be 
connected to external shields so as to enclose the anode 
and the output circuit completely. 

The flood of papers on tubes of the magnetron types 
which has been evident for several years continued. 
A magnetron has been described®® which delivers 20 
watts at 3750 megacycles (8 centimeters) with an effi- 
ciency of 20 per cent. Workers in Japan® reported 
outputs of 10 to 80 watts in the frequency range from 
1765 to 3000 megacycles (17 to 10 centimeters) and 
efficiencies up to 88 per cent. 


RECEIVING TUBES 


The year continued the trend of recent years in 
refining methods of analysis and measurement and in 
furthering an understanding of basic phenomena. 


49 G. Jobst, “Influence and control of the variable density of 
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51 Simon Ramo, “Space charge and field waves in an electron 
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Jour. App. Phys., vol. 10, pp. 715-724; October, (1939). 
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braking-field tubes,” Hochfrequenz. und Elektroakustitk, vol. 53, 
pp. 199-213; June, (1939). 

57 F, B. Llewellyn and A. E. Bowen, “Production of ultra-high- 
frequency oscillations by means of diodes,” Bell. Sys. Tech. Jour., 
vol. 18, pp. 280-291; April, (1939). 

58 A. V. Haeff, L. S. Nergaard, W. G. Wagener, P. D. Zottu, 
R. B. Ayer, and H. E. Gihring, “Development of a 20-kilowatt 
ultra-high-frequency tetrode,” Proc. I.R.E., vol. 27, pp. 610-611; 
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59 A Haeff, “Effect of electron transit time on efficiency of 
a power amplifier,” RCA Rev., vol. 4, pp. 114-122; July, (1939). 
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Contributions to knowledge of the behavior of 
metals, both clean and coated, in relation to electron 
emission included (1) a useful up-to-date survey® of 
physical properties of oxide-coated cathodes and 
papers on the theories concerning their behavior ;®:® 
(2) an analysis of the decay with time of temperature- 
limited thermionic emission from oxide-coated cath- 
odes, with discussion as to whether it is a volume or 
a surface effect; (3) experimental and theoretical 
studies of the relation between secondary electron 
emission and the energies of primary electrons;®® 
and (4) accumulation of further data and greater per- 
fection of the physical picture of electron behavior 
while within and escaping from metals, in relation to 
electronic energy levels and surface effects such as 
work functions, contact differences of potential, and 
surface potential structure.§”-” 

A number of workers continued investigations of 
noise phenomena. Flicker effect for the frequency 
range 40 to 20,000 cycles was discussed;” it appears 
that the mean-square noise current varies inversely 
with frequency rather than inversely with the square 
of the frequency as previously reported. Present 
knowledge of the tube noise was reviewed and general 
agreement between American, English, and German 
workers reported.” 

Tube noise in frequency converters was found to be 
the average noise over an oscillator cycle.” The results 
were confirmed and applied to several types of fre- 
quency-converters for television use.” 


& J. P. Blewett, “The properties of oxide-coated cathodes,” 
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1 W. Graffunder, “Valve noise at low frequency,” Telefunken- 
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and Rome, vol. 5, pp. 12-17. 
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Experiments indicate that for normal-incident pri- 
mary electrons the decrease of secondary emission 
with increased atomic volume of the target results 
from the absorption of secondary electrons. For slow 
(10-volt) primary electrons, the more positive electro- 
positive metals produce the greater secondary emis- 
sion.’8 

The use of a conventional receiving tube as a nega- 
tive-transconductance oscillator was  described.’® 
Theory and supporting measurements of input grid 
admittance as affected by electron path were reported 
for pentodes, heptodes, and octodes.®° 

Measurements of vacuum-tube properties were dis- 
cussed in two papers covering (1) output-stage dis- 
tortion® and (2) a precision method for measuring 
mutual conductance. 8? 

Consideration was given to more-accurate calcula- 
tion of the constants and space current of triodes with 
close spacings between the grid and the cathode. Ap- 
proximate corrections for the effect of initial velocity 
of emission for the cathode are included.® 

The use of spectrographic methods for the analysis 
of the chemical constitution of metals and of various 
gases and vapors was greatly extended during the past 
year. Such methods are now of increasing importance 
in comparative metallurgical analysis and in produc- 
tion control.®4 Spectrographic methods for the meas- 
urement of gas temperatures were also improved. 

There appeared two papers on design characteris- 
tics, one on tetrode and pentode output tubes® and 
the other on the input conductance of radio-frequency 
tubes. * 
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The trend, noted in previous years, toward an in- 
crease in the number of tube types continued. This 
increase was produced, in part, by the demand for 
high-voltage-heater tubes for use in alternating- 
current—direct-current receivers. Other factors, such 
as reduction in envelope size, new basing arrange- 
ments, and new constructions also contributed. A 
number of new tubes designed for heater operation at 
150 milliamperes and voltages ranging from 12 to 70 
volts were introduced to eliminate the need for line- 
resistor cords or ballast tubes in alternating-current— 
direct-current receivers. Several tubes having 117-volt 
heaters were introduced to simplify the design of dual- 
purpose portable sets suitable for operation from a 
power line or a self-contained dry-battery supply. For 
small dry-battery sets a line of miniature tubes was 
introduced featuring conventional electrode structures 
in small envelopes and improved performance with 
45-volt batteries. Their short over-all length, two 
inches, is made possible by “button-base” construc- 
tion.8” 

A current movement to reduce the number of re- 
ceiving-tube types began late in the year. It is further 
described in the report on radio receivers.*8 


TRANSMITTING TUBES 


The most-important advances in the field of large 
high-vacuum tubes during the year were in develop- 
ment of tubes suitable for very high frequencies. Many 
of these tubes are described in the section on ultra- 
high-frequency tubes although in the somewhat lower | 
frequency range, advances also were made.58:89,90,91 
Particular mention may be made of a 20-kilowatt 
ultra-high-frequency tetrode.*8 The British®® reported 
a sealed-off tube having a plate dissipation of 150 
kilowatts, which delivered a peak power of 200 kilo- 
watts at 13 meters. . 

There is noted a growing tendency toward air-cool- 
ing of large tubes.8? 93 Other advances were con- 
cerned largely with mechanical details.” A compre- 
hensive survey of the construction, testing, and opera- 
tion of large high-vacuum tubes, not included in the 
previous report, appeared in 1938. The development 
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of high-power tubes in the United States was curtailed 
by the present regulatory limitation on the power of 
broadcast stations. 


Gas TUBES 


Continued progress was made in the application of 
cold-cathode tubes®% and magnetically controlled 
thyratrons. 97-98 

A new type of oxide-coated cathode for use in gas 
tubes was described.” This cathode consists of a cen- 
tral porous tubular filament filled with activating 
material and surrounded by vanes whose active coat- 
ing surface is continuously replenished during life by 
evaporation from the central reservoir. Such cathodes 
appear to offer the possibility of extraordinarily long 
life. 


PHOTOELECTRIC DEVICES 


Compared with previous years, there was a marked 
increase in the manufacture and use of photoelectric 
devices, but outstanding developments in new devices 
and tubes have not been apparent. A new tube em- 
ploying rubidium!” is now available, and improve- 
ments in design and construction were incorporated 
in many existing types. Removal of other sources of 
supply stimulated the manufacture in the United 
States of barrier-layer photocells. It is reported that 
cells with characteristics superior to imported units 
are now available from domestic production. A device 
for the rapid checking of the spectral sensitivity of 
phototubes and television pickup tubes was de- 
scribed,!“ and results indicate that it should be useful 
in production tests for uniformity. 

There was a continued and widened use of photo- 
electric devices in varied applications. One novel ap- 
plication!®-1% at the New York World’s Fair was in an 
exhibit at which the visitor rode along a 0.3-mile 
diorama representing “the world of tomorrow.” A 
film-recorded description of the exhibit was picked up 
by a battery of 150 phototubes, each feeding an ampli- 
fier channel in such phase that the visitor heard from 
his own loud speaker a description of the scene imme- 
diately before him. 

Substantiation of the work on thallium-sulphide sur- 
faces,!%* mentioned last year, was reported. Several 
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dustry,” Electronics, vol. 12, pp. 25-28; April, (1939). 

99 A, W. Hull, “The dispenser cathode—A new type of ther- 
mionic cathode for gaseous discharge tubes,” Phys. Rev., vol. 56, 
pp. 86-93; July 1, (1939). 

100 A. M. Glover, “Spectral response of phototubes to new il- 
luminants,” Electronics, vol. 21, p. 20; December, (1939). (Abstract 
only.) 

Yoi T. B. Perkins, “Automatic spectral-sensitivity curve tracer,” 
Jour. Opt. Soc. Amer., vol. 29, pp. 226-234; June, (1939). 

102 James Dunlop and W. T. White, “An armchair spectator 
conveyer-guide,” Elec. Eng., vol. 58, pp. 509-514; December, (1939). 

103 S, T. Stanton, F. R. Marion, D. V. Waters, “Polyrhetor,” 
Jour. Soc. Mot. Pic. Eng., vol. 33, pp. 485-501; November, (1939). 
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papers appeared!%10.107 on the cause of time-lag 
phenomena in gas-filled phototubes. These indicate 
that the time lag can be traced to (1) transit time for 
the passage of positive ions in the discharge to the 
cathode and (2) transit time of metastable atoms also 
formed in the discharge. 

Work on electron multipliers continued!’ although 
published reports on the subject are limited. 


A number of developments reported during 1938 
had their first formal publication in 1939,199-14 

This report was prepared by the 1939 Technical 
Committee on Electronics of the Institute of Radio 
Engineers, the personnel of which follows: 


P. T. Weeks, Chairman 


L. B. Blaylock F. B. Llewellyn 
R. S. Burnap G. F. Metcalf 
E. L. Chaffee A. F. Murray 
H. P. Corwith G. D. O' Neill 
K. C. DeWalt H. W. Parker 
W. G. Dow O. W. Pike 

F; R. Lack B. J. Thompson 


Balth. van der Pol 
J. R. Wilson 


Ben Kievit, Jr. 
George Lewis 
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A. F. Murray, Chairman 


R. M. Bowie R. C. Hergenrother 
A. B. DuMont Harley Iams 

P. T. Farnsworth Ben Kievit, Jr. 
M. S. Glass G. F. Metcalf 


T. B. Perkins 


SUBCOMMITTEE ON ULTRA-HIGH-FREQUENCY TUBES 
F. B. Llewellyn, Chairman 


L. B. Blaylock A. L. Samuel 
R. L. Freeman J. D. Schantz 
G. F. Metcalf F. E. Terman 
L. S. Nergaard W. G. Wagener 


Irving Wolf 


104 F, C. Nix and A. W. Treptow, “Thallous sulphide photo- 

o Jour. Opt. Soc. Amer., vol. 29, pp. 457-462; November, 
1939). 

1% A, A. Kruithof, “Time-lag phenomena in gas-filled photo- 

Go cells,” Philips Tech. Rev., vol. 4, pp. 48-55; February, 
1939). 

106 W, S. Huxford, “Townsend ionisation coefficients in Cs-Ag-O 
phototubes filled with argon,” Phys. Rev., vol. 55, pp. 754-762; 
April 15, (1939). 

107 R. W. Engstrom, “Time-lag analysis of Townsend discharge 
with activated caesium electrodes,” Phys. Rev., vol. 57, p. 73; 
January 1, (1940). 

108 J. S. Allen, “Detection of single positive ions, electrons, and 
photons by a secondary electron multiplier,” Phys. Rev., vol. 55, 
pp. 966-971; May 15, (1939). 

109 R, B. Janes and W. H. Hickok, “Recent improvements in 
the design and characteristics of the iconoscope,” Proc. I.R.E., 
vol. pp. 535-540; September, (1939). (See reference 1 in 1938 
report. 

110 Harley Iams, G. A. Morton, and V. K. Zworykin, “The image 
iconoscope,” Proc. I.R.E., vol. 27, pp. 541-547; September, (1939). 
(See reference 2 in 1938 report.) 

111 C, Larson and B. C. Gardner, “The image dissector,” Elec- 
tronics, vol. 12, pp. 24-27, 50; October, (1939). (See reference 4 in 
1938 report.) 

12 V, K. Zworykin and J. A. Rajchman, “The electrostatic elec- 
tron multiplier,” Proc. I.R.E., vol. 27, pp. 558-566; September, 
(1939). (See references 13 and 68 in 1938 report.) 

us R, R. Law, “Contrast in kinescopes,” Proc. I.R.E., vol. 27, 
pp. 511-524; August, (1939). (See reference 17 in 1938 report.) 

4A, P. Kauzmann, “New amplifier receiving tubes,” RCA 
Rev., vol. 3, pp. 271-289; January, (1939). (See references 25 and 
62 in 1938 report.) 
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SUBCOMMITTEE ON GAS-FILLED TUBES 
O. W. Pike, Chairman 


W. E. Bahls S. B. Ingram 
J. W. Dawson W. G. Moran 
D. V. Edwards C. M. Wheeler 


SUBCOMMITTEE ON PHOTOELECTRIC DEVICES 
Ben Kievit, Jr., Chairman 


0O. T. McIlvaine 
J. H. Miller 
E. F. Kingsbury 


PART ITI—WAVE PROPAGATION* 


General— Medium Frequencies—High Frequencies— Ultra-High Frequencies 


A remarkable aspect of progress was the develop- 
ment of formulas for the calculation of field intensities 
which are valid for both low and ultra-high frequen- 
cies, and in fact for ground-wave propagation at all 
frequencies. The work of recent years on ultra-high 
frequencies has led to this advance in understanding 
of the propagation of radio waves at all frequencies. 

The theoretical formulas for ground-wave calcula- 
tion were brought! to a new stage of accuracy. Some? 
of the results of these studies were given in graphical 
form, for a number of frequencies and ground conduc- 
tivities and for transmitter and receiver on the ground. 
These and previous studies were for vertically polar- 
ized waves. A theoretical solution’ for the propagation 
of horizontally polarized waves appeared; it showed 
that the values of the ground constants are of much 
less importance for horizontally than for vertically 
polarized waves. 

While basic formulas of sufficient accuracy thus 
became available for the calculation of ground-wave 
intensities, there still remained at the end of the year 
the considerable task of interpreting and formulating 
them in simple form for engineering purposes. It is 
probable that the calculation of instantaneous ground- 
wave intensity over great distances never can be highly 
exact because there is one factor, atmospheric refrac- 
tion, which varies unpredictably. 

Increased knowledge of the ionosphere led to in- 
creased ability to select frequencies for long-distance 
transmission. Starting in March, monthly predictions 
of maximum usable frequencies became available.‘ 

Calculation of the ionization in the ionospheric layers 


* Decimal classification: R113.7. 

1 B. van der Pol and H. Bremmer, “Further note on the propa- 
gation of radio waves over a finitely conducting spherical earth,” 
Phil. Mag., vol. 27, pp. 261-275; March, (1939). 

2G. Millington, “The diffraction of wireless waves around the 
earth,” Phil. Mag., vol. 27, pp. 517-542; May, (1939). 

3 B. van der Pol and H. Bremmer, “The propagation of wireless 
waves waves around the earth,” Philips Tech. Rev., vol. 4, pp. 245- 
253; September, (1939). 

4M. C. Gray, “Diffraction and refraction of a horizontally 
polarized electromagnetic wave over a spherical earth,” Phil. Mag., 
vol. 27, pp. 421-436; April, (1939). 

5 T. R. Gilliland, S. S. Kirby, and N. Smith, “Characteristics of 
‘the Ionosphere at Washington, D. C.,” Proc. I.R.E., vol. 27, pp. 
226-227; March, (1939). 


depends upon a factor called the Lorentz polarization 
term whose value has not yet been determined. Experi- 
mental and theoretical studies*—'! indicated that its 
value is zero for the E region and that its effect upon 
radio propagation in the F region may be so small that 
it would be difficult to determine by experiment 
whether its value is 4 or zero. 

The important rôle of ionospheric absorption in 
radio wave propagation has been increasingly recog- 
nized, particularly the effects!*- of low-layer absorp- 
tion at low radio frequencies. The new tool provided 
for the study of such absorption by the discovery in 
1935 of the sudden ionospheric disturbance and its 
solar origin has stimulated investigations of absorption 
during such disturbances.'*-#! Knowledge of this effect 


6 N. Smith, “Oblique-incidence ionospheric data and the Lorentz 
polarization term,” Trans. Amer. Geophys. Union of 1939, p. 375; 
April, (1939). 

7D. F. Martyn and G. H. Munro, “Lorentz polarization cor- 
EOS in the ionosphere,” Terr. Mag., vol. 44, pp. 1-6; March, 

1939). 

8 J. A. Ratcliffe, “Effect of Lorentz polarization term in iono- 
spheric calculations,” Proc. Phys. Soc. (London), vol. 51, pp. 147— 
756; September, (1939). 

? R. C. Majundar, “Reflection of electromagnetic waves in the 
ionosphere,” Trans. Bose Res. Inst. (Calcutta), vol. 12, pp. 125- 
140, (1936-1937). 

10 H, G. Booker and L. V. Berkner, “An ionospheric investiga- 
tion concerning the Lorentz polarization correction,” Terr. Mag., 
vol. 43, pp. 427-450; December, (1938). 

1 D., R. Goddard, “Observations on sky-wave transmission on 
frequencies above 40 megacycles,” Proc. I.R.E., vol. 27, pp. 12-15; 
January, (1939); RCA Rev., vol. 3, pp. 309-315; January, (1939). 

2 F, Vilbig, “On the reflection coefficients of the Heaviside 
layer in the wave band from 200 to 2000 meters for various depar- 
ture angles,” Teleg.- Fern.- und Funk-Tech., vol. 27, pp. 291-294; 
August, (1938). 

83 S. K. Mitra, J. N. Bhar, and S. P. Ghosh, “The lower iono- 
aay Indian Jour. Phys., vol. 12, pp. 455-465; December, 

1938). 

“F. W. G. White and T. W. Straker, “Diurnal variation of 
absorption of radio waves,” Proc. Phys. Soc. (London), vol. 51, 
pp. 865-875; September, (1939). 

16 K, G. Budden, J. A. Ratcliffe, and M. V. Wilkes, “Further 
investigations of very long waves reflected from the ionosphere,” 
Proc. Roy. Soc., ser. A., vol. 171, pp. 188-214; May, (1939). 

16 M. Waldmeier, “Solar eruptions and their influence on the 
propagation of electromagnetic waves,” Helvetica Phys. Acta, vol. 
2, pp. 537-538; fasc. 7, (1938). 

17 L. V. Berkner, “Nature of radio fade-out,” Phys. Rev., vol. 
55, pp. 536-544; March 15, (1939). 

18 R. Jouaust, “Ionosphere and short-wave fade-outs,” Jour. de 
Phys. et le Radium, vol. 10, pp. 251-259; June, (1939). 

19 R. Bureau, “Reinforcement of long waves at time of short- 
wave fade-outs,” Jour. de Phys. et le Radium, vol. 10, pp. 271-273; 
June, (1939). 
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also contributed notably to other fields of science’ 20-3 
in particular, terrestrial magnetism, composition of the 
atmosphere, and physics of the sun. 

The field of radio wave propagation lost one of its 
pioneer investigators through the death of Dr. A. E. 
Kennelly who died on June 18 at the age of 77. He 
actively promoted research on radio wave propaga- 
tion, particularly through the International Scientific 
Radio Union, up to the time of his death. He was the 
first to explain long-distance radio propagation in 
terms of ionized layers in the upper atmosphere. This 
was recognized in the term Kennelly-Heaviside layer 
formerly used for the ionosphere. 


MEDIUM FREQUENCIES (150 To 1500 KILOCYCLEs) 


Some comparisons” of the recently developed theo- 
retical formulas and experimental measurements of 
field intensities showed good agreement. The compari- 
sons included propagation between ground stations 
and to and between airplanes. The work incidentally 
demonstrated that ground conductivity can be deter- 
mined by comparisons between calculated and meas- 
ured variations of field intensity with elevation of an- 
tenna above ground. 

Effects of ionospheric storms at broadcast frequen- 
cies?7283 were discovered. Daytime received wave in- 
tensities were found to rise during the initial stages of 
an ionospheric storm and night intensities to drop. 
The latter effect persisted four or five days after other 
manifestations of the ionospheric storm had passed. 
It was thus determined that the effects, reported in 
last year’s Annual Review,” (a) low night broadcast- 
frequency intensities in years of sunspot maximum, 
and (b) low intensities on paths near the magnetic 
poles, are largely due to the prevalence of ionospheric 
storms. 

The Joint Coordination Committee on Radio Recep- 
tion of Edison Electric Institute, National Electrical 


20 R, V. Giovanelli and A. J. Higgs, “Radio fade-outs and solar 
eruptions,” Terr. Mag., vol. 44, pp. 181-187; June, (1939). 

aT. H, Johnson | and S. A. Korff, “Radiation from solar flares 
and radio fade-outs,” Terr. Mag., vol. 44, pp. 23-27; March, (1939). 

22 L. d’Azambuja, “Solar eruptions and ionospheric perturba- 
tions,” Jour. de Phys. et le Radium, vol. 10, pp. 274-281; June, 
(1939). 

23 “Fifth report of the Commission on Solar and Terrestrial! Re- 
lations,” International Council of Scientific Unions. Presented, 
International Union of Geodesy and Geophysics, Washington, 
Dy; C. September, (1939). 

2J, H. Dellinger, “Ionosphere disturbances, 1937-1938.” Pre- 
sented, I.R.E.-U.R.S.I. meeting, Washington, D. C., April 29, 
(1939). 

2 R, S. Richardson and R. Minkowski, “The spectra of bright 
chromospheric eruptions from 53300 to 11500. Astrophys. Jour., 
vol. 89, pp. 347-355; April, (1939). 

z% T. L. Eckersley and G. Millington, “The experimental veri- 
fication of the diffraction analysis of the relation between height 
and gain for radio waves of medium lengths,” Proc. Phys. Soc. 
(London), vol. 51, pp. 805-809; (1939). 

21 T., R. Gilliland, Deo: Kirby, and N. Smith, “Characteristics 
of the ionosphere at Washington, D. C.” Published each month, 
Proc. LR.E. 

28 S, S. Kirby and F. R. Gracely, “Comparions of long-distance 
broadcast transmissions over different paths,” Presented, I.R.E.- 
U.R.S.I. meeting, Washington, D. C., April 28, (1939). 

29 “Radio progress during 1938,” Proc. LR. E., vol. 27, p. 181; 
March, (1939). 
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Manufacturers Association, and Radio Manufacturers 
Association agreed upon recommendations as to the 
nature, essential characteristics, and performance of 
an instrument for the measurement of radio disturbance 
voltages. Recommended practice was also agreed upon 
for measuring radio disturbance directly from low- 
and high-voltage apparatus, for making radio-dis- 
turbance measurements along overhead lines, for 
determining broadcast field intensity levels, and 
methods of collecting data for the establishment of 
radio disturbance standards.®® Relations between 
peak, effective, and average values of disturbances 
were investigated.*! 

Many data were collected during the year on the 
magnitude, nature, and direction of arrival of atmos- 
pherics.**?-8 This information was also being used 
for weather prediction and the forecasting of tropical 
storms.??—41 

An extensive radio disturbance investigation cover- 
ing also suppression and control methods was carried 
on by the Radio Division of the Department of Trans- 
port of Canada. The Canadian Government has 
regulations prohibiting the use of equipment having 
an unnecessarily large disturbance value. The De- 
partment worked in co-operation with the Radio 
Manufacturers Association (of Canada) and the So- 
ciety of Automotive Engineers, with the result that 
many automobile manufacturers made changes in the 
design of their ignition systems, thus reducing the 
radiation from their latest types of automobile en- 
gines. 

Other observers found that the disturbance caused 
by electric trolley systems could be reduced by means 


3 C, V. Aggers, D. E. Foster, and C. S. Young, “Instruments 
and methods of measuring radio noise,” Proc. I.R.E., vol., 27, p. 
408; June, (1939). (Abstract only.) 

31K. G. Jansky, “An experimental investigation of the charac- 
teristics of certain types of noise,” Proc. I.R.E., vol. 27, pp. 763- 
768; December, (1939). 

32 S, P. Chakravarti, P. B. Ghosh, and H. Ghosh, “Atmospherics 
in radio broadcast reception at Calcutta,” Proc. I.R.E., vol. 27, pp. 
780-783; December, (1939). 

33 “Australian Radio Research Board, 10th Annual Report: 
3. Work on Atmospherics,” Jour. Council Sci. and Indust. Res., 
(Australia), vol. 2, pp. 330-331, 332, November, (1938). 

. P. Schafer and W. M. Goodall, “Peak field strengths of at- 
mospherics due to local thunderstorms at 150 megacycles,” Proc. 
I.R.E., vol. 27, PP: 202-207; March, (1939). 

5 P, Ilardi, “Research on atmospherics i in Italy,” Radio e Tele- 
vistone, vol. 3, pp. 317-318; March, (1939). 

3 F. E. Lutkin, “The nature of atmospherics, VI, 
Soe. ee vol. 171, pp. 285-313; June, (1939). 

F. Chakravarti, “On the wave form of atmospherics at 
s ” L’Onde Elec., vol. 18, pp. 181-186; April, (1939). 

3 T, H. Laby, J. J. McNeill, Ee Nicholls, and A. F. B. Nick- 
son, “Wave form, energy, and reflection by the ionosphere of at- 
mospherics,” Proc. Roy. Soc., vol. 171, p. S 72; July, (1939). 
(Abstract only.) 

39S. T. Sashoff and J. Weil, “Static emanating from six tropical 
storms and its use in locating the position of the disturbance,” 
Proc. I.R.E., vol. 27, pp. 696-700; November, (1939). 

40 “Symposium on weather prediction,” Sci. and Culture, 
(Calcutta,) vol. 4, pp. 160-164; September, (1938). 

41 B. Paoloni, “Radio- atmospheric researches, ” 
Ceniro Volpi di Elettrologia, year 1, p. 83; 
(Summary only.) 

2 H,O. Merriman and F. G. Nixon, “Radio E Pa os 
tigation, suppression, and control,” Proc. I.R.E., vol. 27, pp. 16- 
21; January, (1939). 
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of condensers.**44 Other types of disturbance were 
investigated and methods of reduction found.*—*8 The 
cause of scattering of results in the measurement of 
disturbance voltages by the CISPR Technique was 
studied‘? and a possible remedy suggested. Legislation 
was enacted in several countries in an effort to reduce 
the amount of man-made radio noise by control at the 
source.“2~*9 In the large metropolitan areas this is the 
major source of disturbance. 

A co-operative program by a number of investiga- 
tors®! 52 interested in aircraft radio reception resulted 
in means of reducing the disturbance called precipita- 
tion static. The results of this work were found to be 
applicable to ground stations. 


Hicu FREQUENCIES (1500 To 30,000 KILOCYCLEs) 


Radio wave propagation in this range of frequencies 
is almost entirely by way of the ionosphere. There 
was substantial progress during the year in the use of 
ionospheric data to calculate or predict radio trans- 
mission conditions. This included methods of calculat- 
ingř-5 maximum usable frequenaies for any transmis- 
sion distance from critical frequencies and virtual 
heights of the ionospheric layers, and working out* 
from such data the choice of optimum frequencies, 
times at which to shift frequency, etc. 

The year saw the inauguration of a regular service 
of prediction?" of maximum usable frequencies by 


43 S, Lemoine, “Using condensers for eliminating interference 

aos electrical tramways,” Wireless Eng., vol. 16, p. 3; January, 
1939). 

4 L. A. Fomenko, “The suppression of interference from indus- 
trial apparatus by blocking condensers,” Izvestiya Elektroprom. 
Slab. Toka, pp. 17-28. 

45 K. Kegel, “General viewpoints of interference suppression, ” 
A. E. G.-Mitteilungen, pp. 380-383; August, (1939). 

46 “Low-cost cure for radio interference,” Sci. American, vol. 
160, p. 350; June, (1939). 

41 E. T. Glas, “Broadcast interference caused by high-tension 
installations,” Elek. Tech. Zeit., vol. 59, pp. 1305-1306; December, 
(1938). 

48 “Service instructions for the detection and elimination of 
interference with radio reception. Instituto Sperimentale delle 
Communicazioni,” Bolletino del Centro Volpi di Elettrologia, Year I, 
p. 73; December, (1938). (Summary only.) 

49 G., Goffin, “A cause of scattering in the measurement of radio- 
phonic interfering voltages,” L’Onde Elec., vol. 18, (wrongly printed 
19), pp. 57-69; February, (1939). 

60 E, Paolini, “The question of industrial parasites in broadcast 
reception,” Alta Frequenza, vol. 8, pp. 377-389; June, (1939). 

5. H, M. Hucke, “Precipitation static interference on aircraft 
as: 3 ground stations,” Proc. I.R.E., vol. 27, pp. 301-316; May, 

1939). 

82 Esau, Jansky, Kotowski, and Klumb, “Radio reception in 
aviation,” Zeit. V.D.I., vol. 83, p. 416; April, (1939). (Summaries 
only.) 

5 N. Smith, “The relation of radio sky-wave transmission to 
ionosphere measurements,” Proc, I.R.E., vol. 27, pp. 332-347; 
May, (1939). 

5 M. V. Wilkes, “Theoretical ionization curves for the E re- 
gion.” Proc. Phys. Soc. (London), vol. 51, pp. 138-146; January, 
(1939). 

55 H. G. Booker and S. L. Seaton, “Relation between actual and 
virtual ionospheric height,” Phys. Rev., vol. 57, pp. 87-94; January 
15, (1940). 

5 N. Smith, S. S. Kirby, and T. R. Gilliland, “Application of 
graphs of maximum usable frequency to communication prob- 
lems,” Jour. Res. Nat. Bur. Stand., vol. 22, pp. 81-92; January, 
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67 N. Smith and A. S. Taylor, “The prediction of ionosphere 
characteristics and maximum usable frequencies,” Presented, 
I.R.E.-U.R.S.I. meeting, Washington, D. C., April 29, (1939). 
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the National Bureau of Standards; this was given in 
the monthly ionosphere report in the PROCEEDINGS 
of the Institute of Radio Engineers for the month 
following the month of publication. The predictions 
are in the form of graphs for various distances, giving 
maximum usable frequencies as a function of time of 
day; they are based on the Bureau’s current observa- 
tions, on its data on the trends®® of critical frequen- 
cies and virtual heightsin the 11-year solar cycle, data 
on seasonal and diurnal variations accumulated over 
a number of years, and knowledge of solar varia- 
tions.®60 The maximum usable, and also optimum, 
frequencies in 1939 averaged about 8 per cent lower 
than in 1938, and about 11 per cent lower than in 
1937. By about 1944 they are expected to be about 
half those of 1937 (last sunspot maximum) and equal 
to those of 1933 (last sunspot minimum). 

Extension of the value of ionospheric data for prac- 
tical radio purposes depends upon* the availability of 
such data from a number of places on the earth’s sur- 
face. Ionospheric data taken regularly for all the 24 
hours of the day are especially useful. Such data for 
Washington, D. C., (latitude 39 degrees north) pub- 
lished throughout several past years, continued to ap- 
pear monthly?’ and quarterly.“ Such data became 
available®:* for two additional places, Peru (Huna- 
cayo, 12 degrees south), and Australia (Watheroo, 30 
degrees south), published quarterly. Valuable but 
much less complete data were published for three 
other places. 67 It was shown®® that ionospheric 
characteristics differ somewhat in different places, the 
differences being small when the places are not over a 
few hundred miles apart. 

It was proved®® that under some conditions radio 
waves over long distances deviate considerably from 
the great-circle plane. In general, on an all-daylight 
path between England and New York such deviations 


68 N. Smith, T. R. Gilliland, and S. S. Kirby, “Trends of char- 
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Bell Sys. Tech. Jour., vol. 18, pp. 292~299; April, (1939). 
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Propagation, International Scientific Radio Union,” Proc. I.R.E., 
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6 “Averages of critical frequencies and virtual heights of the 
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Washington, D. C.” Published quarterly in Terr. Mag. 

63 H. W. Wells and H. E. Stanton, “The ionosphere at Huancayo, 
Peru.” Published quarterly in Terr. Mag. 

64 W. C. Parkinson and L. S. Prior, “The ionosphere at Wath- 
eroo, Western Australia.” Published quarterly in Terr. Mag. 

6 I. Ranzi, “Ionospheric observations,” La Ricerca Sci., vol. 10, 
pp. 32-38; January-February (1939). 

& L. Harang, “Annual variation of the critical frequencies of 
the ionized layers at Tromso during 1938,” Terr. Mag., vol. 44, pp. 
15-16; March, (1939). 

67 W, M. Goodall, “Midday F2-region critical frequencies for 
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68 J, P. Schafer and W. M. Goodall, “Simultaneous ionosphere 
observations at Washington, D. C. and Deal, N. J.,” Terr. Mag., 
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did not occur, and neither ionospheric storms nor sud- 
den ionospheric disturbances affected the mode of 
propagation. On the other hand, on dark or partially 
illuminated paths the great circle no longer provides 
the sole transmission path. The extent to which other 
paths are involved varies greatly. Propagation during 
ionospheric storms of moderate intensity usually in- 
volves paths deviated to the south of the great circle; 
at other times propagation may be either to the north 
or south. The closely related subject of scattered re- 
flections was the subject of considerable investiga- 
tion.7°-73 Some observations” during magnetic storms 
and annual displays showed that the sporadic E layer 
has a sharper lower boundary than the normal E layer. 
Further data were accumulated on the phenomena 
characterizing ionospheric storms.?’?.75 It was estab- 


lished that the effects of this particular type of iono- 


spheric disturbance are less at low than at high 
latitudes. Effects at broadcast frequencies are re- 
viewed under “Medium Frequencies,” above. 

A study was made of the vertical angle of arrival 
of atmospherics.’ The angle sometimes approaches 90 
degrees, becoming lower as the disturbance decreases. 
An extensive study was made of the spectrum distri- 
bution”’ of atmospherics at high frequencies. 


ULTRA-H1IGH FREQUENCIES 
(OVER 30,000 KILOCYCLEs) 


Propagation at these frequencies takes place by 
three means: (a) by ground waves, (b) by tropo- 
spheric waves, and (c) at frequencies not very far 
above 30,000 kilocycles, by ionospheric waves. Prog- 
ress in regard to (a) ground waves is reviewed in the 
“General” section above. 

Progress in tropospheric wave propagation centered 
on two principal phenomena. One was the refraction 
of radio waves around the curved surface of the earth 
by gradients and discontinuities with height of the 
dielectric constant of the air. Work’® in this field con- 
firmed the importance of these phenomena in the 


70 L. Harang and W. Stoffregen, “Scattered reflections of radio 
waves from height of more than 1000 km.,” Nature, vol. 142, p. 
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T L Eckersley, “Scattering of radio waves in the ionosphere,” 
Nature, vol. 143, pp. 33-34; January 16, (1939). 

2E y, Appleton and R. Naismith, “Scattering of radio waves 
A TN regions,” Nature, vol. 143, pp. 243-244; February 11, 
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73 B, Beckmann, W. Menzel, and F. Vilbig, “Scattered reflec- 
tions in the ionosphere,” Teleg.- Fern.- und Funk-Tech., vol. 28, pp. 
130-135; April, (1939). 

™4 L. Harang and W. Stoffregen, “The polarization condition of 
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storms and northern lights,” Hochfrequenztech. und Elektroakusttk, 
vol. met pp. 181-187; June, (1939). 

5 L, V. Berkner, H. W. Wells, and S. L. Seaton, “Ionospheric 
effects associated with magnetic disturbances,” Terr. Mag., vol. 
44, pp. 283-311; Spetember, (1939). 

7% M. Nakagami and K. Miya, “Incident angle of short waves 
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application of the ultra-high frequencies to communi- 
cation services. It was found”? that these effects may 
result in either increased or decreased distance ranges 
of transmission and that it depends particularly on 
the position (height) of the transmitting and receiving 
aerials, with respect to the refracting air layers, 
whether the received field intensity is under or over 
the normal value. Tropospheric radio transmission 
was found to have the possibility of applications in 
meteorology. ®—® 

The second phenomenon of interest in tropospheric 
wave propagation was the reception of echoes at verti- 
cal (or nearly vertical) incidence from heights within 
the troposphere, i.e., less than about 10 kilometers. It 
was found that the waves are not reflected from ionized 
strata but rather are reflected comparatively weakly 
(reflection coefficients not greater than 1074) from air- 
mass discontinuities in which water in its various 
states plays a dominant réle.2-® 

The occurrence of long-distance ionospheric propa- 
gation at frequencies up to about 45 megacycles was 
reported and studied.!:8.8’ This was sometimes not 
so much by reflection from regular layers of the iono- 
sphere as sometimes by sporadic or scattered reflec- 
tions. 

The problem of interference with television recep- 
tion was given an increased amount of study. A new 
noise meter, intended primarily for measuring such 
interference was developed under the auspices of 
a Radio Manufacturers Association Subcommittee on 
Television Interference.** In an attempt to promote 
some constructive action on the serious problem of 
interference to television and other radio services 
caused by electromedical equipment, a conference was 
held in New York in January at which representatives 
of the American Medical Association, the Federal 
Communications Commission, various radio societies, 
and the radio industry were present. Negotiations 

13 W. Scholz and L. Egersdorfer, “On the influence of the tropo- 
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Tech., vol. 28, pp. 77-83; March, (1939). 
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were begun between representatives of the automotive 
industry and the Radio Manufacturers Association, 
looking toward alleviation of the problem of ignition 
interference. 

Experiments have been carried on in order to de- 
termine the effectiveness of frequency modulation in 
respect to disturbance.°°-* A considerable advantage 
in comparison with amplitude modulation was indi- 
cated if the peak radio noise voltage is somewhat less 
than the signal voltage. 

Atmospherics at about 150 megacycles were investi- 
gated.” The technique of observations provided a 
visual indication of the disturbance which might be 
expected with television signals. It appears that at- 
mospherics due to thunderstorms will be noticeable for 
ultra-high-frequency television transmission at times 
when storms are in progress near the point of 
reception. 

” I, R. Weir, “Field tests of frequency and amplitude modula- 
tion with ultra-high-frequency waves,” Gen. Elec. Rev., vol. 42, 
pp. 188-191; May, and pp. 270-273; June, (1939). Abstract, Part I, 
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A new line of progress developed in connection with 
wave guides. The radiation (transmitting and receiv- 
ing) properties of various types of terminating electro- 
magnetic horns were analyzed®™ in detail and practi- 
cal applications outlined. This work led to some 
improvements®:% in the theory of diffraction of 
electromagnetic waves. 


This report was prepared by the 1939 Technical 
Committee on Wave Propagation of the Institute of 
Radio Engineers, the personnel of which follows: 
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PART IV—TRANSMITTERS AND ANTENNAS* 


Transmitters: Marine—Centimeter Waves—Frequency and Phase Modulation—Regulation— 
Televiston—Potnt-to-Point—Insirument Navigation Equipment 
Antennas: Televisiton—Steerable Antenna—Horn Radiators 


TRANSMITTERS 


The year’s developments in broadcast transmitters 
employing amplitude modulation were chiefly along 
the lines of refinements of earlier fundamental de- 
velopments. One of such developments is the use of 
circuits of high power efficiency, whose application 
has been broadened and improved. For example, 
several manufacturers now offer air-cooled 5-kilowatt 
transmitters, the problems of cooling being consider- 
ably simplified by improved efficiency. A new 1-kilo- 
watt transmitter appeared in which a high-efficiency 
circuit is employed in conjunction with grid-bias 
modulation. At this low power level the advantage 
lies more in lower tube cost resulting from reduced 
dissipation than in power saving. Manufacturers of 
power tubes are extending the use of air-cooling to 
tubes of higher power. By means of new designs made 
available late in the year, it became possible to build 
air-cooled transmitters up to 50 or more kilowatts. 
New applications of multiphase alternating current 
for filament lighting were made. 

Stabilized feedback continued to be an important 
feature of transmitter design. Nearly all new trans- 
mitters made use of this principle to give high-fidelity 


* Decimal classification: R350 R320. 


performance and to permit less-expensive filtering 
equipment and alternating-current filament heating. 

Modern styling continued to be a feature of broad- 
cast transmitters and associated apparatus. 

Refinements in speech-input equipment were evi- 
dent in circuit design and in equipment arrangement 
and styling. 

A much-needed step was taken in the standardiza- 
tion of the volume unit and its incorporation in a new 
standard volume indicator. 


Marine 

In the marine field new radio transmitters were 
offered by several of the major communication or- 
ganizations for both the intermediate-frequency and 
high-frequency bands. These new transmitters are 
characterized by crystal control. Previously the use of 
crystal control for ship transmitters was limited and 
was usually applied to radiotelephone equipment 
only. 


Centimeter Waves 
Important progress was made in devices to produce 
increased power and stability on centimeter waves. 


1H. A. Chinn, D.K.Gannett, and R. M. Morris, “A new stand- 
ard volume indicator and reference level,” Proc. I.R.E., vol. 28, 
pp. 1-16; January, (1940). 


1940 


Common to all of the devices referred to is the use 
of cathode-ray beams and the use of inductive power 
generation, the function of electron collecting being 
assigned to a separate electrode. The cathode-ray 
beam is varied by some form of control electrode. 

There are at least two types of variation used. In 
one of these? the number of electrons in the beam, that 
is, the electron density, is varied in much the same way 
as in the conventional triode, by means of a control 
grid. This variation, produced at the control grid, is 
maintained (per unit length) substantially constant 
to the point where power is collected. 

In the second type of variation*~® called “velocity 
modulation,” the electron velocity, not its density, is 
varied at the control grid, the requisite variations in 
density not developing until the electrons have drifted 
down the beam to the power-collecting point. Different 
names have been given in different laboratories to the 
latter type of device, notably “drift tubes” and 
“Klystrons.” 

These devices appear to possess certain advantages 
over conventional types, among which are increased 
power capability at wavelengths in the decimeter 
range, reduction of the input-admittance component 
caused by transit time (at least in the drift-tube type). 
It is naturally too early to assess their ultimate ad- 
vatages or disadvantages in radio transmitters, but it 
can be said that they are already being used for that 
purpose. A power of 300 watts at 1000 megacycles 
has been reported with an efficiency of 30 to 40 per 
- cent.’ 

Utilizing an anode-tank-circuit!® magnetron, an out- 
put of 20 watts at 3750 megacycles and an efficiency 
of 22 per cent have been obtained. 


Frequency and Phase Modulation 


Considerable interest was shown in frequency and 
phase modulation™—® for services which utilize the 
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ultra-high frequencies. Applications for broadcast li- 
censes to make use of frequency modulation on an 
experimental basis were being filed with the Federal 
Communications Commission at a rate of about three 
a week at the end of the year. Equipment manufactur- 
ers offered transmitters for this type of service for 
operation in the 40,000-kilocycle band and at power 
outputs ranging from 100 to 50,000 watts. Several re- 
ceiver manufacturers offered frequency-modulated- 
wave receivers for sale to the public at prices ranging 
between $60 and several hundred dollars. Several fre- 
quency-modulated-wave broadcast stations were in 
operation at the end of the year and were transmitting 
the regular programs carried by stations operating in 
the 500-to-1600-kilocycle band. One of them utilized 
40,000 watts power. 

It was demonstrated that frequency modulation 
occasions a large noise advantage over amplitude mod- 
ulation provided that the field intensity at the re- 
ceiving point is somewhat greater than the noise 
intensity. A large saving in transmitting-tube capacity 
is also occasioned by frequency modulation because 
the amplitude of the transmitted wave remains con- 
stant during modulation. 

The Federal Communications Commission re- 
stricted frequency modulation to experimental use in 
broadcasting and assigned 13 frequencies exclusively 
for that service. On the basis of preliminary informa- 
tion, it appears that stations may be duplicated on 
each channel if a geographical separation of roughly 
300 miles is maintained.“ The relaying of programs 
successively though several frequency-modulated- 
wave stations was demonstrated." 


Regulation 


The Federal Communications Commission made 
sweeping revisions in the “Rules and Standards of 
Good Engineering Practice” covering many of the 
radio services. Important changes were made in 
frequency-allocation requirements for minimum and 
maximum powers, permissible carrier-frequency toler- 
ances, safety requirements, procedure, antenna re- 
quirements, etc. Most of the changes became effective 
during the year, but some will become effective in 
1940 and 1941. 


Television 

The year 1939 marked the inauguration of the first 
regularly scheduled and permanent television service 
to the public in the Americas. Approximately 12 pro- 
gram hours per week were provided in the areas served. 
These programs consisted of motion pictures, dra- 
matic, comedy, and variety productions, news, and 
sporting events direct from the scene of action. Trans- 

uJ, R. Weir, “Field tests of frequency and amplitude modula- 
tion with uitra-high-frequency waves,” Gen. Elec. Rev., vol. 42, 
pp. 188-191 and 270-273; May and June, (1939). Abstract Part I, 
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mitters became available as standard equipment, and 
television receivers were sold to the public for the 
first time. Although the Federal Communications 
Commission has not authorized commercial operation, 
one class of station is permitted to accept payment 
sufficient to cover the costs of program production. 

At one station a radio link between the studio and 
and transmitter site is used to relay the programs. 
Television programs have been successfully received 
from a New York City station and relayed over a 
station near Schenectady (129 miles). 


Point-to-Point 

Developments in commercial telephone-communica- 
tion channels during the year included modification 
for twin-channel operation of the single-channel, 
single-sideband short-wave circuit between San Fran- 
cisco and Honolulu and the addition of a second such 
circuit to the existing one between New York and 
London. Twin-channel operation denotes the opera- 
tion of two channels, one in each sideband of the same 
carrier frequency. The single-channel single-sideband 
long-wave transmitter at Rocky Point, Long Island, 
has also been modified for twin-channel operation.'® 

The requirement of constant supervision of a trans- 
atlantic radiotelephone channel by a technical oper- 
ator was reduced to occasional supervision only by 
the use of a semiautomatic control terminal which 
incorporates, for control of transmitting volume,!’ a 
vogad (voice-operated gain-adjusting device) and for 
control of receiving volume a tola (tone-operated loss 
adjuster). 

The development of measuring equipment for com- 
mercial use at ultra-high frequencies provided means 
for overcoming the widespread uncertainty as to ul- 
tra-high-frequency transmission conditions. 


Instrument Navigation Equipment 


An instrument landing system utilizing!® 40-centi- 
meter (750-megacycle) waves was demonstrated to 
Civil Aeronautics Authority officials at East Boston 
airport. Two metal-horn radiators were fed by separate 
transmitters, one modulated at 90 cycles and the other 
at 150 cycles and both operating on a frequency of 
approximately 750 megacycles. The horns, each of 
which produces a flat horizontal beam, are inclined, 
respectively, 5 and 10 degrees above the earth’s sur- 
face. The beams overlap providing a gliding signal. 
This vertical guidance system was supplemented by 
a horizontal guidance system of conventional design. 
The 700-megacycle transmitters were designed for the 
Klystron tube which, in other tests utilizing less than 
100 watts power, had shown the system described to 

16 A, A. Oswald, “A short-wave single-side-band radiotelephone 
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be effective at a distance of 25 miles. A somewhat dif- 
ferent system for instrument landing’® has been ac- 
cepted by the Civil Aeronautics Authority and will be 
placed in service in 1940 and 1941 at many of the 
country’s major airports. This system was demon- 
strated at the Indianapolis Airport. It consists of a 
glide-path beam and two marker beams. The outer 
marker transmitter produces a modulated vertically 
directed local signal about two miles from the airport 
on the line of approach and indicates to the pilot that 
he should start his glide. The second marker trans- 
mitter, modulated differently from the first indicates 
that the airplane has reached the area where contact 
may be made with the ground. A glide-path trans- 
mitter gives vertical guidance throughout the ap- 
proach. The marker units operate on 75 megacycles 
with 5 watts, the outer unit modulated at 400 cycles 
keyed twice per second and the inner unit at 1300 
cycles keyed at six pulses per second. The localizer 
transmitter operates on 109.9 megacycles with 300 
watts. 

Radio altimeter equipment?’ was offered for com- 
mercial use. It gives continuous and instantaneous 
readings of the distance between plane and terrain 
throughout an altitude range of from 50 to 5000 feet. 
The indication of altitude is independent of changes 
in air pressure, temperature inversions, humidity, 
cloud layers, and other variable factors of weather. 
It is not affected by static and requires no adjustment 
by the pilot. Absolute altitude above the terrain is 
indicated by sending a frequency-modulated wave to 
the ground and timing the interval required for it to 
reach the ground and return to the plane after it has 
been reflected from the ground. The direct and re- 
flected signals are applied to a detector circuit in a 
radio receiver and their instantaneous difference in 
frequency is directly proportional to the height of the 
airplane above ground. The frequency difference is 
applied to a cycle-counting circuit including a meter 
with the scale calibrated in feet of altitude, and this 
meter is located on the airplane instrument panel in 
full view of the pilot. 


ANTENNAS 


The year 1939 saw further increase in the use of di- 
rective antenna arrays for broadcast service. The 
broadcast frequencies are now so well occupied 
throughout the country that it is seldom possible to 
secure Federal Communications Commission approval 
for a new station without using a directive array. Such 
an array serves one or both of two purposes, namely, 
to reduce radiation in certain directions to protect 
other stations from interference and to concentrate 
radiation toward preferred service areas. 

19 “Instrument landing systems,” Communications, vol. 19, pp. 
9, 25, 26, 29; November, (1939). 

20 Lloyd Espenschied and R. C. Newhouse, ‘‘A terrain clearance 
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In line with the more-intense interest being shown 
in antenna performance, a few investigators have 
undertaken to verify the performance of antennas 
above the horizontal plane by airplane surveys. A 
certain amount of work was also done on vertical 
patterns by means of scale models at ultra-high 
frequencies. 

At ultra-high frequencies experimentation con- 
tinued with a variety of directional-antenna forms. 
Such experimentation naturally yields results more 
readily than at broadcast frequencies because of the 
more-practical physical dimensions involved. 

It was reported during the year” that progress with 
the multiple-unit steerable receiving antenna (musa), 
previously described”? reached the stage of commercial 
application on radiotelephone circuits between New 
York and London. 


Television 


The requirement of nondirectional coverage in a 
horizontal plane for broadcast service resulted in the 
development of the turnstile antenna described in 
previous reports. The added requirement of wide fre- 
quency band width for television service was met 
during the current year. This development, although 
rapid, was made in gradual steps starting from the 
conventional dipole, going to a similar radiator but 
with large-diameter conductors, then to the “folded” 
dipole and combinations of them, and finally coming 
to the “double-cone” radiator as the last step in the 
simple-antenna series. 

A television antenna successfully meeting the broad- 
band requirement of the new standards was developed 
and installed atop the Empire State Building in New 
York City.*?.*4 This structure is basically of the turn- 
stile form, consisting of two horizontal half-wave reso- 
nators set at right angles and excited in quadrature. 
The noteworthy features are the careful proportioning 
of parts to the end that the coaxial transmission lines 
feeding the antenna are properly terminated at their 
characteristic impedance, without the use of additional 
circuits for the purpose located at the antenna and the 
extremely wide band of frequencies transmitted with 
negligible reflection. The four quarter-wave radiators 
are ellipsoidal in shape and with their collars are pro- 
portioned so that the square root of the inductance- 
capacitance quotient in effect has been made equal to 
the radiation resistance, and departs little from this 
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condition over a band six times that assigned for a 
single television channel. 

The sound antenna consists of 4 folded dipoles ar- 
ranged in the form of bent segments in a horizontal 
plane around a central support and above the plane 
of the vision antenna. The canceling effect of the op- 
posite segments as connected to the common trans- 
mission line feeding the segments in parallel results 
in the approximate equivalent of a loop antenna with 
almost complete freedom from coupling to the dia- 
metrically located radiators of the vision antenna. This 
feature is interesting because it permits the two an- 
tennas to operate without mutual interference in such 
close proximity. 


Steerable Antenna 


There has been an application in America and one 
in Europe of steerable directive transmitting antennas 
for international broadcasting. By the use of remotely 
controlled phasing units in the feed circuits to the 
several bays comprising a directive antenna, the direc- 
tion of maximum transmission may be shifted to pre- 
selected areas. This use of controllable horizontal 
directivity makes possible flexibility and economies 
in the number of high-gain antennas required to pro- 
vide optimum service. 


Horn Radiators 


It was shown that metal horns have many”*-?’ ad- 
vantages for transmission and reception of electro- 
magnetic waves at wavelengths below 100 centimeters. 
Some of the advantages consist of unusual freedom 
from secondary lobes and stray radiation, simple con- 
struction, transmission of a very broad band width, 
ease and stability of operation, and high power gain. 
The power gain is roughly proportional to the area of 
aperture. Power gains of over 100 are obtained without 
difficulty and there is no reason to believe that this is 
an upper limit. Through the use of combinations of 
horns and variations in their configurations, a variety 
of specialized requirements may be met. An airplane 
instrument blind-landing system is one application. 
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PART V—RADIO RECEIVERS* 


Broadcast Receivers—Communication Receivers—Navigational-Aid Receivers— 
Measuring Apparatus and Technique—Stattstics 


BROADCAST RECEIVERS 


The general use of the loop antenna in broadcast 
receivers was occasioned primarily by the desire to 
eliminate the inconvenience of installing a conven- 
tional antenna and, secondarily, by the desire to 
minimize noise interference. Those receivers designed 
to reduce susceptibility to external noise incorporated 
an electrostatic shield for the loop. The use of such 
shielding enhanced the directional properties of the 
loop by reduction of electrostatic pickup, so that such 
receivers when of the console type usually incorporated 
a rotatable loop. Loop rotation controllable-from the 
front of the receiver was used in but few models, 
however. 

The use of the loop was extended to the short-wave 
band in several models; in others the broadcast-band 
loop or the shielding thereof was used as an electro- 
static-pickup-type antenna on short-wave bands. 

Untuned radio-frequency stages were used to im- 
prove sensitivity in several models. The untuned stage 
was usually designed to have substantial gain (6 to 
20 decibels) up to approximately 18 megacycles when 
used with a high-transconductance tube.! In other 
models an untuned intermediate-frequency stage was 
used. 

Untuned antenna circuits using inverse feedback 
for reduction of cross modulation were employed in 
some commercially available models. 

Receivers appeared on the market incorporating 
continuous permeability tuning over the entire stand- 
ard broadcast band. Permeability tuning of the loop 
circuit by variation of an inductance in series with 
the loop was used in some models. 

Portable receivers using a loop antenna and powered 
by dry batteries became very popular and because of 
the use of 1.4-volt filament-type tubes gave good per- 
formance with a useful battery life of about 250 hours. 

Receivers were introduced which operated from 
alternating-current, direct-current, or battery power 
supply, some of which were equipped with relays for 
automatically transferring from the self-contained 
batteries to the (rectifier) power-supply unit when 
plugged into an alternating-current or direct-current 
outlet.” 

Many more receiver models than in the past few 
years incorporated the broadcast band only, thus 
recognizing that for entertainment purposes the short- 
wave bands are little used. However, war in Europe 
increased interest in and the use of short-wave bands 
on receivers so that while there were fewer models 


* Decimal classification: R360. 

1—D. G. Fink, “Circuits you'll see tomorrow,” Rad, and Telev. 
Ret., vol. 24, p. 42; June, (1939). 

2 “Tri plex-portable principles,” vol. 24, 
p. 62; Cn (1939). 
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with short-wave bands, actual usage of short-wave 
bands in receivers increased. 4 

Receivers designed for reception of frequency- 
modulated waves were the subject of much attention 
during the past year, and several models were placed 
on the market. These included table models, designed 
for reception of frequency-modulated waves in the 
40-to-45-megacycle band only, as well as console 
models for reception of this band in addition to ampli- 
tude-modulated-wave reception in the broadcast and 
short-wave bands. Frequency-modulated-wave re- 
ceivers were generally of the superheterodyne type, 
using an intermediate frequency between 1.5 and 4.0 
megacycles with a band width of approximately 200 
kilocycles and embodied amplitude-limiting and fre- 
quency-discrimination circuits.6-! 

A system of reception of frequency-modulated 
waves was described in which a portion of the output 
voltage is fed back to the local oscillator to produce 
frequency modulation thereof in inverse phase. As a 
consequence the necessary pass band of the amplifier 
circuits of the receiver is reduced, distortion arising 
therein minimized, and effects on noise disturbances 
similar to those obtained by amplitude limiting 
secured.$ 

The signal-to-noise characteristics of phase-modu- 
lated-wave reception were investigated, and it was 
shown that the signal-to-noise ratio at the ouput of the 
receiver is equal to the product of the phase deviation 
in radians and the carrier-noise ratio. A new type of 
receiver using an off-neutralized crystal filter was de- 
scribed and other methods of phase-modulated-wave 
reception discussed.?® 

Many different designs of table-model radio- 
phonograph combinations appeared on the market.!°® 
The use of automatic record-changers increased great- 
ly. Interest in home recording was revived and new 
low-priced plastic record blanks became available for 
this use. 

In many receiver models provision was made for 


3 “War revitalizes short waves,” Rad. and Telev. Ret., vol. 24, 
p. 20; October, (1939). 
4 “War stimulates short wave interest,” Rad. and Telev. Today, 
vol, 24, p. 14; October, (1939). 
. R. Day, “Receiver for frequency modulation,” 
vol. 12, pp. 32-35; June, (1939). 
iG. W. Fyler and J. A. Worcester, Jr., “A noise-free radio 
receiver,” Gen. Elec. Rev., vol. 42, pp. 307- 310; July, (1939). 
1G. W. Fyler and J. A. Worcester, Je, “A new Armstrong fre- 
quency-modulated-wave receiver,” Proc. Radio Club Amer., vol. 
16, pp. 16-18; July, (1939). 
hG. Chaffee, “The application of negative feedback to fre- 
quency-modulation systems,” Proc. I.R.E., vol. 27, pp. 317-331; 
Mayat (1939); Bell Sys. Tech. Jour., vol. 18, pp. 404—437; July, (1939). 
G. Crosby, “Communication by phase ‘modulation,” 
Proc. MIRE, vol. 27, pp. 126-136; February, (1939). 
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using the audio-frequency system for television sound. 
Other models had complete ultra-high-frequency sys- 
tems, a doubly resonant intermediate-frequency sys- 
tem being employed in some receivers, resonant to 
455 kilocycles for broadcast-band reception and to 
approximately 3000 kilocycles for ultra-high-frequency 
reception. 

A radio receiver appeared on the market which 
incorporated, in addition to its conventional func- 
tions, an oscillator capable of transmitting the received 
program over power wires to other receivers in the 
same house equipped with appropriate coupling means 
to the power lines.” 

In Great Britain progress in radio receivers was in 
improvement of tone-control systems and oscillator 
stability, the use of output stages with higher output, 
and simplification and improvement of push-button 
tuning." 

A method employing a nonreversible motor for tun- 
ing and wave-band switching in connection with 
magnetically operated clutches was described." 


Circuit Trends 


A method of compensating for variation in input 
capacitance of vacuum tubes with bias by simul- 
taneous application of proportional bias to two 
electrodes was described.'® 

It was pointed out that the effective internal im- 
pedance of an amplifier may be either increased or 
decreased by proper choice of the type of feedback 
and that impedance-reducing feedback circuits, when 
applied to audio-frequency power amplifiers, flatten 
the response and improve loud-speaker damping. Cir- 
cuits for impedance-increasing feedback have been de- 
scribed also as a means for improving the selectivity 
of intermediate-frequency amplifiers. 

A treatment of the problems of distributed couplings 
in ultra-high-frequency circuits was developed by ap- 
plying low-frequency circuit-analysis methods.” 

The function of the receiver in the broadcast system 
was described and possible directions of future progress 
in receivers pointed out.!8 

An investigation of the composite characteristics 
of broadcast receivers in use today was made with par- 


12 “Multiplex-superhet,” Rad. and Telev. Ret., 
July, (1939). 

13 “The wireless exhibition, 1939: A technical survey,” 
Eng., vol. 16, pp. 500-510; October, (1939). 

it «Simplifying i button tuning,” Wireless World, vol. 45, 
pp. 87-88; July 27, (19 

af F. P core of vacuum-tube input 
capacitance by bias-potential control,” R.M.A. Eng., vol. 4, pp. 
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16 H, F. Mayer, “Control of the effective internal impedance of 
amplifiers by means of feedback,” Proc. I.R.E., vol. 27, pp. 213- 
217; March, (1939). 
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ticular reference to characteristics influenced by the 
existing broadcast transmission system.!® 

The subject of noise interference with radio recep- 
tion received much attention in this country and 
abroad. Methods of measuring radio noise were de- 
scribed using noise meters developed especially for 
that purpose. Instruments have been designed to 
measure noise in the frequency spectrum from 150 
kilocycles to 20 megacycles and also for the ultra-high- 
frequency range from 20 megacycles to 125 mega- 
cycles. Means of controlling radio interference arising 
in both low- and high-voltage equipment were also 
described .?°~*8 

Measurement and suppression of radio noise in 
Canada is carried out by the Radio Division of the 
Department of Transport. In that country thirty- 
three automobiles carrying special interference-meas- 
uring equipment are in use for noise originating in 
streetcars, electromedical apparatus, and domestic 
and commercial electrical equipment. The methods of 
applying appropriate noise suppression to these 
various types of apparatus have also been described.*4 
Methods of reducing interference to broadcast recep- 
tion caused by electric railways have been studied 
abroad with particular regard to the efficacy of 
capacitors in preventing such interference. 


Component Parts 


Polystyrene insulating material has been used widely 
for coil forms, capacitor supporting pieces, and as a 
dielectric, particularly at ultra-high frequencies where 
its unusually good power factor has proved to be of 
decided advantage.”é 

Flexible transmission lines having exceptionally low 
losses up to 300 megacycles were developed through 
the use of spun-glass or polystyrene insulation. 

Spun-glass insulated wire became available, com- 
bining low-loss characteristics with noninflammable 
properties. 

The use of fabricated-plate?? and deep-etched 
electrolytic condensers increased markedly because of 
their small size and improved seal. 


19D. E. Foster, “Receiver characteristics: are significance 
a oo Communications, vol. 19, pp. 9-13, 36-37; May, 
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20 C, V. Aggers, D. E. Foster, and C. S. Young, “Instruments 
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409; June, (1939). (Summary only.) 

2 C. V. Aggers, “Methods of controlling radio interference,” 
Proc. I.R.E., vol. 27, p. 408; June, (1939). (Summary only.) 

2 Jerry Minter, “A noise meter for television frequencies,” 
Electronics, vol. 12, p. 21; December, (1939). (Abstract only.) 

3 C, M. Burrill, “Progress i in development of instruments for 
measuring radio noise,” Electronics, vol.12, p.24; December, (1939). 
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*7 “Electrolytic condensers with fabricated plates, 
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COMMUNICATION RECEIVERS 


In the field of communication receivers the use of 
crystal-controlled oscillator circuits in superhetero- 
dyne receivers was extended. 

Receivers appeared on the market designed for 
dual-channel diversity reception in which two antenna 
and radio-frequency channels, a single-oscillator cir- 
cuit, and dual intermediate-frequency channels were 
incorporated in a single cabinet. 

A receiver was described in which regeneration 
was employed in both radio-frequency and inter- 
mediate-frequency circuits to improve sensitivity and 
selectivity.® 

Portable communication receivers equipped with 
compact dry batteries and using 1.4-volt tubes to give 
improved performance and battery life, became com- 
mercially available. 

The use of crystal-filter preselector circuits in aero- 
nautical ground-station receivers to permit reception 
adjacent to a transmitter was described.?® 


NAVIGATIONAL-AID RECEIVERS 


The special problems connected with radio recep- 
tion for aircraft navigation and landing were the sub- 
ject of much study during the past year.®® An instru- 
ment landing system was described involving the use 
of horn radiators at ultra-high frequencies to produce a 
triangulation effect which delineates both bearing and 
glide paths on a visual indicator on the airplane.*!-* 

Bearing errors due to abnormal wave polarization in 
closed-loop direction finders operating at 450 kilo- 
cycles were studied and an empirical formula de- 
veloped permitting calculation of bearing error for 
any given polarization or angle of arrival of the wave 
front.* 

The effects of mountains on radio direction finding 
in aircraft were studied also.” 

A study of precipitation-static generation by air- 
planes in flight has indicated that the interference 
with radio reception which occurs under certain me- 
teorological conditions is due to corona discharge. A 
corona-discharge system located at a point on the 
airplane remote from the receiving antenna has been 


28 McMurdo Silver, “A new communication receiver kit,” 
Radio, no. 239, pp. 46-49, 84-85; May, (1939). 
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30 H, H. Willis, “Recent developments in aerial navigation,” 
Proc. I.R.E., vol. 27, p. 416; June, (1939). (Summary only.) 

3 E. L. Bowles, “Aircraft instrument landing research at the 
Massachusetts Institute of Technology,” Proc. I.R.E., vol. 27, 
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32 W. L. Barrow and F. D. Lewis, “The sectoral electromagnetic 
horn,” Proc. I.R.E., vol. 27, pp. 41-50; January, (1939). 

33 W. L. Barrow and L. J. Chu, “Theory of the electromagnetic 
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developed and has led to marked improvement in 
reception under precipitation-static conditions.*® 

A method of testing radio compasses in laboratory 
shielded rooms was described utilizing the radio- 
frequency field from a transmission line.’ 

A theory of the behavior of shielded receiving loop 
antennas was developed and the effects of shielding 
on the performance of the loop analyzed.*8 

A study of some of the peculiar properties of auto- 
matic direction-finding equipment caused by con- 
tinuous loop rotation was made.*® 

It was pointed out that the use of nonlinear am- 
plifiers results in improved precision of direction- 
finding observations.*° 

Radio equipment installed on coastal-harbor craft, 
such as yachts and fishing vessels, increased during 
the year more than two to one, bringing the total 
installations in this class of service to approximately 
2000. The volume of telephone traffic in this type of 
service likewise increased markedly during the year. 
Equipment for this service which uses a superhetero- 
dyne receiver having 10 crystal-controlled reception 
frequencies and voice-operated switching means” was 


described. 


MEASURING APPARATUS AND TECHNIQUE 


An impedance-measuring instrument became avail- 
able using the parallel-T circuit for measuring both 
resistive and reactive parallel components at any fre- 
quency in the range from 500 kilocycles to 30 mega- 
cycles.” 

An amplifier suitable for amplifying small direct- 
current and low-frequency transient potentials was 
described which uses a balanced modulator with an 
applied carrier. The voltage to be amplified serves to 
unbalance the modulator and, after amplification as a 
carrier variation, is rectified in the output circuit.* 

A simple oscillator circuit was described in which, 
by means of impedance transformation, the tube im- 
pedances are made small relative to those of the tuned 
circuit. As a result frequency variations inherent in 
the tube are much reduced. The method described is 


3 H, M. Hucke, “Precipitation-static interference on aircraft 
and at ground stations,” Proc. I.R.E., vol. 27, pp. 301-316; May, 
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39 Jean Marique, “Automatic radiogoniometers: Methods of 
measuring the time constants of oscillating circuits,” Wireless Eng., 
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40 W. Ross and R. E. Burgess, “Direction finding: Improvement 
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applicable from audio frequencies to ultra-high 
frequencies. 

Signal-generating and measuring equipment was 
made commercially available which extended the up- 
per frequency limit of such apparatus to 325 mega- 
cycles. 

Service equipment, more convenient and reliable to 
use, was made available employing radio frequencies 
for receiver testing and checking of components.® 
Several such instruments enable checking of radio- 
frequency and audio-frequency circuits by tracing the 
passage of the signal either through or around each 
stage thereby greatly assisting in identifying the na- 
ture and location of the fault. 

Rapid means of determining the response char- 
acteristics of audio-frequency amplifiers were de- 
scribed, one method involving the associated steady- 
state phase shift and another method involving the ap- 
plication of square waves.*®:47 

Cathode-ray-oscilloscope circuit-control equipment 
primarily for observation and analysis of transient 
phenomena in electrical systems was described.*® 

The problems connected with the use of field- 
intensity-measuring equipment in automobiles were 
studied.*® 


STATISTICS ON BROADCAST RECEIVERS 
FOR THE UNITED STATES’ 


Average List Prices of 1939 Models 


All models.............. 00.00.00 ee eee $ 56.00 
Table models.................0000005 22.00 
Consoles. + 6 $556 oe be een be eens 104.00 
Phonograph-radio combinations....... . 115.00 
Portables ce as keueraeeenesateaeconees 26.00 
Total number models... n.o ees 921 
Types of Models 
Table NOC Suen tea eieneendees oe ons as 50% 
Console models......................0.. 17%, 
Phonograph combinations................ 2295 
Combinations using automatic record 
CHANCES. <b o= 4 ieee doe eaves ees eeeeae 5% 
Portable models......................... 11% 
Models covering broadcast band only...... 47% 
Models with loop antenna................ 31% 
Portables working on power lines as well as 
batteries. < oid adacengowsbun sence xebens 3% 
Models equipped with automatic tuning.... 30% 
Models with radio-frequency stages........ - 10% 
Average number of tubes.................... 6.6 
Manufactured Quantities 
Receivers, approximately ......... 9 ,000 , 000 


Vacuum tubes, approximately..... 100,000,000 


New receiving tube types an- 
MOUNCEO... Ja ied acua sees saacues 140 
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The number of receiver models is approximately 


the same as for last year, in fact has shown little 


change for several years past. 

The average list prices show a decrease of about 20 
per cent as compared with those for 1938. | 

The proportion of table models differs little from 
the previous year but the proportion of console models 
dropped sharply, with a corresponding rise in phono- 
graph-combination and portable models. 

The quantity of receivers and the quantity of tubes 
manufactured is approximately 50 per cent greater 
than for 1938 and constitutes an all-time high for 
radio production in the United States. 

The number of new receiving-tube types introduced 
likewise sets a new record, being more than twice as 
great as the number introduced last year. The large 
number of new tube types was occasioned by two 
factors: the appearance of new and smaller physical 
forms and the use of higher filament voltages for series 
operation. Toward the end of the year a movement 
developed among some of the tube manufacturers to- 
wards a preferred list of tube types, intended to sup- 
ply requirements of all essential functions but with- 
out unnecessary duplication. 


A number of developments reported during 1938 
had their first formal publication in 1939.51—55 

This report was prepared by the 1939 Technical 
Committee on Radio Receivers of the Institute of 
Radio Engineers, the personnel of which follows: 


D. E. Foster, Chairman 
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R. I. Cole D. E. Harnett 
W. F. Cotter R. S. Holmes 
L. F. Curtis D. D. Israel 
Harry Diamond H. O. Peterson 
E. T. Dickey A. E. Thiessen 
H. B. Fischer H. J. Tyzzer 


Lincoln Walsh 
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PART VI—TELEVISION* 


System Aspects—Transmiiters—Receivers 


A noticeable increase in television activities was 
evidenced during the year, both here and abroad. In 
the United States these activities were particularly 
stimulated by the inauguration of public program serv- 
ice in the New York area and the introduction of 
receivers on the market. In England, increased activi- 
ties were apparent from reports of a large increase in 
receiver sales; a public service was inaugurated in 
France, and in Germany public service was antici- 
pated in the early fall. However, most of the European 
television broadcast activities were apparently stopped 
later in the year by the outbreak of hostilities. 


SYSTEM ASPECTS 
Theoretical Studtes 


Fundamental studies of requirements for television 
transmission were carried out along several different 
lines. One important aspect of these studies relates 
to the contrast required to obtain the best reproduc- 
tion, this contrast being an over-all quantity for the 
system as a whole and affected by the individual capa- 
bilities of the transmitter, receiver, and transmitting 
medium.!” 

Other studies, experimental as well as theoretical, 
have been concerned with the most efficient use of a 
given frequency band and deal with such matters as 
frame-repetition rate, spot size and shape (vertical 
versus horizontal definition), and with the compara- 
tive merits of monochrome, three-color, and stereo- 
scopic television.? 6 

Investigations continued on circuits and circuit 
analysis related to television, indicating a better un- 
derstanding of factors affecting performance.’—” 


* Decimal classification: R.583. 
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“A theoretical analysis of single-sideband 
Proc. I.R.E, vol. 27, pp. 


A mathematical analysis was made on the relative 
merits of vestigial-sideband versus double-sideband 
transmission,” and a theoretical study presented on a 
method for evaluating phase and amplitude distortion 
in wide-band systems.'4 

In a German discussion of single-sideband transmis- 
sion the conclusion was reached that the special 
vestigial-sideband-shaping filter should be placed in 
the transmitter. 


Standards 


In the United States the Radio Manufacturers As- 
sociation adopted two additional standards, relating 
to vestigial-sideband transmission and direction of 
scanning and a recommended practice on polarization 
of the radiated wave. The most significant of these 
standards is the one relating to vestigial-sideband 
transmission, which prescribes unattenuated trans- 
mission of the carrier and upper video-frequency side- 
band, specifies the attenuation characteristic for the 
lower video-frequency sideband, and contemplates a 
receiver characteristic that cuts off in linear fashion 
through the carrier frequency. 

These new standards, together with the 14 stand- 
ards previously adopted, constitute a complete set of 
primary system standards. They were formally sub- 
mitted to the Federal Communications Commission 
by the Radio Manufacturers Association with the 
recommendation that they be adopted as official 
standards for television broadcasting in the United 
States.'61”’ By the end of the year the majority of the 
television stations in the United States were operating 
under recommended standards of the Radio Manu- 
facturers Association. 

The Television Committee of the Federal Com- 
munications Commission, in a report!® released on 
November 15, acknowledged recent progress in tele- 
vision broadcasting and recommended liberalization 
of existing regulations as an aid to further progress 
in the new art but warned against premature stand- 
ardization and unlimited commercialization at this 
time. Transmitters in the New York, Chicago, and 
Los Angeles areas began regular scheduled service 
using Radio Manufacturers Association standards. 
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Program Service 


In the New York area one public program trans- 
mission averaged approximately 12 hours per week of 
entertainment features plus a somewhat greater num- 
ber of hours of test-pattern transmission. 

Much work was done on the development of pro- 
gram-production technique,!®** and a systematic 
study of audience reaction to individual programs is 
being made. The programs included film presentations, 
live-talent, studio production, and events such as 
football games, boxing matches, etc., televised outside 
the studio and relayed to the main transmitter for 
broadcasting. In addition to the regular program 
service in New York City, several other stations in 
various parts of the United States were active in car- 
rying on technical experiments and in developing pro- 
gram-transmission technique. 

Prior to the outbreak of the war the television public 
service in Great Britain was making substantial prog- 
ress. Program transmissions had been increased to 21 
hours a week, and a second studio and a second mobile 
unit for outside pickups had been put in service. 


Remote and Relay Operation 


Programs originating in different parts of New York 
City somewhat over a mile from the transmitter were 
sent over ordinary telephone cables equipped with 
special equalizers and amplifiers.” 

The problem of phase and amplitude distortion in 
the New York-Philadelphia coaxial cable was de- 
scribed further,” and work was started to extend the 
frequency range of the cable to allow transmission of 
signals up to 3 megacycles. Direct reception for re- 
broadcast purposes was accomplished over a distance 
of 129 miles from New York to the Albany-Schenec- 
tady capital districts. 

The German television cable network was extended 
still further during the year, and plans were published 
and studies made for adapting it to transmission of 
signals according to the German 441-line standards. 


Public Demonstrations— Fairs 


Public demonstrations of television systems in oper- 
ation were featured by several exhibitors at the Golden 
Gate Exposition and New York World’s Fair.” Nu- 
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merous other public demonstrations were given in this 
country, South America, and Europe.?”:78 


TRANSMITTERS 


Development of a new camera tube was an- 
nounced.?® This uses a low-velocity electron scanning 
beam and has been used with improved results under 
adverse light conditions for program transmissions 
from the Empire State Building in New York. Reports 
were made on camera pickup tubes showing attention 
to this phase of television.?°~% 

A new type portable equipment in suitcase form was 
developed, manufactured, and put into service in the 
New York and Los Angeles areas for picking up pro- 
grams remote from the studios. Some of the cameras 
for this service use a small iconoscope to make pos- 
sible a small and lightweight unit. 

A continuous-type film scanner and associated 
equipment was put in operation.*4 Water-cooled high- 
pressure mercury-vapor lamps were used for televi- 
sion-studio lighting. 

In addition to transmitters in scheduled program 
operation at the end of the year, a number of others 
were under construction or in experimental operation 
in several parts of the United States. 

Among these were a transmitter utilizing 625 lines 
at 15 frames per second**6 and one in which the 
vestigial-sideband characteristic was obtained at a 
low power level. 

Antenna improvements were directed toward uni- 
form impedance over the desired band, directivity to- 
ward the horizon in the vertical plane, and arrange- 
ments suitable for installation on the small space 
available on top of tall buildings. The antennas on 
the Empire State?’ and on the Chrysler Buildings in 
New York are of this type. A “cubical type” of an- 
tenna for television transmission was described.*®:3# 
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With the continuance of field tests and the begin- 
ning of regular schedules of operation, opportunity 
was available for further propagation studies pertinent 
to television.*® The field strengths of television signals 
from England, France, and Germany.*!*” were meas- 
ured at points on Long Island and occasional pictures 
of some technical interest from London obtained. 

In Germany cathode-ray-tube spot scanners were 
investigated for film scanning and for direct scan- 
ning.?8-43-45 Dissector tubes using multipliers were 
used for film scanning.**-47 For general service the 
image iconoscope was favored.*®>® Mechanical syn- 
chronizing equipment was put into operation in Eng- 
land and Germany. *! Television equipment was 
built for a station in Rome.*™ 


RECEIVERS 


American Receivers 


The models offered for sale used pictures tubes 
varying from 5 to 20 inches in diameter and the prices 
varied from approximately $200.00 to upwards of 
$700.00. Both console and table models were intro- 
duced. In some cases the picture tube screen was 
viewed directly; in other cases, with vertical mounting 
of tube, the screen was viewed through a tilted mirror. 
Some receivers had both picture and sound reception, 
while others had picture reception but required a com- 
plementary sound broadcast receiver to provide the 
loud speaker and part of the amplification for the sound 
signal. Still other models had not only complete pic- 
ture and sound reception of the television signal but 
also included an all-wave broadcast receiver. A special 
television antenna installation was usually necessary 
for satisfactory reception. 
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Technical Characteristics 


All the receivers offered for sale were of the super- 
heterodyne type. Fixed-tuned station selectors were 
universally used, with a manual “fine-tuning control.” 
Most receivers followed the Radio Manufacturers As- 
sociation practice of using 8.25 megacycles for the 
sound carrier and 12.75 megacycles for the picture 
carrier. The most sensitive sets were capable of fully 
modulating the picture tube with an input signal of 
about 150 microvolts. 

Horizontal dipole antennas were employed (gener- 
ally with a reflector or director dipole) which were con- 
nected to the receiver through a low-loss balanced 
transmission line.5?»>4 

Much attention was given to the design® of the 
radio-frequency selector circuits. 

Considerable advance was made in increasing the 
stability of heterodyne oscillators, ultra-high-frequen- 
cy circuits, and intermediate-frequency transformers 
by the application of temperature-compensated 
capacitors and the use of stryrol forms with iron 
cores. 

Much development work was done in the design 
of suitable picture intermediate-frequency amplifiers. 
It was found that resistance-loaded wide-band trans- 
formers did not give sufficient attenuation at the sound 
carriers of the signal channel and of the adjacent chan- 
nel. It was therefore necessary to use at least two 
band-pass filters with respective elimination points at 
the two sound carriers in question. Four stages 
of picture intermediate-frequency amplification were 
generally used, and considerable use was made of the 
newly developed high mutual-conductance low-power- 
drain amplifier tubes.*® Both half-wave and push-pull 
detectors were to be found. 

Wide-band (up to 4 megacycles) video-frequency 
amplifiers were used with linear phase-shift character- 
istics. A great deal of research was directed toward the 
development of these amplifiers®” and the theory?:8:58 
of various types of distortion introduced both in the 
video-frequency stages and picture intermediate- 
frequency stages. In particular, it was found that small 
amounts of either amplitude or phase distortion caused 
a pair of apparent echoes, one preceding and one fol- 
owing the signal. 

Automatic brightness control of the picture tube to 
restore the direct-current component of the signal was 
generally used. 
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For scanning, saw-tooth current or voltage genera- 
tors generally employed some form of synchronizable 
oscillator followed by a wave-form amplifier. Such 
amplifiers usually contained adjustable wave-shape 
circuits (linearity controls). For magnetic scanning a 
damping diode was frequently employed to increase 
the range of linearity of the horizontal scanning 
amplifier and a special output tube, the 6AL6G with 
an 8000-volt breakdown potential, was developed to 
withstand the high impulse voltages which occur. 

All picture tubes used had white screens, and their 
screen diameters ranged from 5 to 20 inches.® Electric 
and magnetic scanning and focusing were used. It 
has been found that halation is the most harmful 
factor in damaging the contrast in picture tubes.*?® 

The highest anode voltage used in home receivers 
was 8000 volts and the lowest about 2000 volts. Re- 
ceivers were made which would perform satisfactorily 
on a 50-cycle power-line voltage while receiving a 
Radio Manufacturers Association standard (60-field) 
picture. 

Those receiver models which required a comple- 
mentary broadcast receiver for their sound, generally 
supplied an audio-frequency signal from the television 
sound detector to the audio-frequency amplifier of the 
broadcast receiver. However, there also were receivers 
designed to radiate the sound intermediate frequency 
and have it picked up in the antenna of a broadcast 
receiver. 

Receivers for picking up television signals from re- 
mote-pickup transmitters operating above 300 mega- 
cycles were placed in operation. 


Safety Precautions 


Elaborate precautions were taken to make receivers 
safe. On the electrical side, cabinet-back interlocks 
were generally used which operated by breaking the 
line circuit. In addition to this, a high resistance in 
the anode lead of the high-voltage rectifier was fre- 
quently used to reduce the high voltage in case of an 
accidential low-resistance load. In connection with 
the question of picture-tube implosion, bulb shape 
was considered, safety glass was usually used in front 
of the screen, and the body of the tube was surrounded 
by a metal or paper shield. 


Receiver Controls 


Controls requiring only an initial adjustment during 
installation and hence segregated on the chassis, gen- 
erally included picture width, picture height, hori- 
zontal centering, vertical centering, horizontal lin- 
earity, vertical linearity, and astigmatic control. 
Controls for the operators’ use generally included sta- 
tion selector, fine-tuning control, volume control, tone 
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The horizontal and vertical hold controls were in 
some cases on the panel and in other cases segregated. 

A method of aligning television receivers in produc- 
tion was described in which test signals are supplied 
from a central source.®? 

Interference in a signal caused by other television 
transmitters operated at the same frequency was the 
subject of some study. One investigator® concluded 
that the interfering signal is troublesome unless it is 
40 decibels below the level of the desired signal. The 
Subcommittee on Television Allocations of the Radio 
Manufacturers Association used 46 decibels for this 
figure. To reduce the effect of ignition noise, peak 
limiters were employed. Interference from diathermy 
apparatus has been objectionable. 


Foreign Developments 


New and improved models of television receivers 
were offered for sale in Great Britain. A simple highly 
directional tilted-wire television antenna was used.® 
High-mutual-conductance secondary-emission tubes 
were tried out with success, and a careful study of the 
high-frequency circuits of a television receiver was 
made.® A system for obtaining large pictures in televi- 
sion reception by electromechanical means was de- 
scribed in detail,54*4-® and another system using 
electronic projection tubes was demonstrated.’ 

In Germany, a series of home receivers was de- 
veloped, both for direct viewing and for projection.” 
Magnetic deflection and focusing with wide-angle 
tubes were generally used.®8-” In particular, a stand- 
ard television receiver was developed as a co- 
operative effort among the five largest German tele- 
control, contrast control, brightness control, and 
focus. 
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vision firms.”~8 The picture tube used in this re- 
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ceiver had a flat rectangular face. Other picture-tube 
developments were also reported. 
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PART VII—FACSIMILE* 


Broadcast Facsimile—Point-to-Point Facsimile (Radio, Wire and Cable) 


BROADCAST FACSIMILE 


In the general field of experimental facsimile broad- 
casting the rapid expansion of transmission on stand- 
ard broadcast channels which occurred in 1938 slowed 
down. Progress in the field during 1939 came chiefly in 
increased operation of existing equipment by thebroad- 
casters with resulting experience in the techniques 
and possibilities of the system. There was a growing 
tendency to utilize ultra-high-frequency channels 
rather than in the broadcast band during the night. 
Of the 25 stations licensed or under construction near 
the close of 1939, almost two thirds were in the ultra- 
high-frequency band. 

The facilities employed by the stations were essen- 
tially the same as in the previous year. These were de- 
scribed in the Committee’s report for 1938. 

In some systems, which were changed from broad- 
cast-band to ultra-high-frequency operation, crystal- 
controlled adaptors were used in the receivers. 

Higher speeds of operation and larger copy sizes 
were introduced in the last year.! Machines were made 
available for 83- and 104-inch paper width, fed at the 
rate of 2 inches per minute. These scan at 100 lines 
per inch. The trend is running toward machines wast- 
ing a minimum of time between scanning strokes. 
Automatic synchronization and automatic framing 
were further developed to permit operation on any 
source of electric power. Three principal recording 
processes continued to be used, namely damp-electro- 
lytic, dry-electric, and carbon paper. 

Experimental transmissions were carried out suc- 
cessfully using frequency modulation on approxi- 
mately 40 megacycles. 

Some demonstrations of broadcast facsimile were 
attractions at the New York World’s Fair. 

* Decimal classification: R583. 


1 “Finch high speed facsimile system, 
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In Italy some study was made of facsimile broad- 
casting with machines patterned after a make used 
in the United States.’ 


PoOINT-TO-PoInT (RADIO) 


An improved system using subcarrier frequency 
modulation? was introduced commercially on the 
New York-London circuit on May 15 and on the New 
York-Buenos Aires circuit on December 14. Picture- 
controlled frequency modulation of the audio-fre- 


quency subcarrier is employed over standard radio- 


station equipment normally used for point-to-point 
program or telephone service. By means of this system 
distortion encountered on the over-all circuit is sub- 
stantially minimized under even adverse conditions 
and linear operation is made possible. Handling speeds 
have been tripled, along with a noticeable improve- 
ment in recorded copy. 

For mobile use a duplex type of facsimile unit for 
handling two-way simultaneous communication on the 
same channel is now available.*> It contains two 
drums, one for transmission, the other for reception, 
using message blanks 8 by 7 inches. Due to its small 
size and light weight, it may be used between mobile 
stations in cars, trucks, planes, or other moving 
vehicles or between these and fixed stations. It is thus 
suitable for police and military services. Copy may be 
transmitted at a speed of 8 square inches per minute 
with a definition of 100 lines to the inch. Synchronized 
operation is entirely automatic. 
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French facsimile equipment was installed at the 
New York World’s Fair operating by radio with 
Paris.’ 

In Canada, a direct radio-facsimile service was es- 
tablished between Montreal and London in connec- 
tion with the visit of Their Majesties, the King and 
Queen of England, to Canada and the United States.” 


POINT-TO-POINT (WIRE AND CABLE) 


The use of wire telephotography for news-picture 
transmission in the United States is increasing. The 
year 1939 was marked by the elaborate coverage by 
wire-news-picture service of the visit of the King and 
Queen. 

The wire transmission is carried out, as reported 
last year, over both a specially engineered private-line 
network connected between fixed points, and over 
regular long-distance message-toll circuits. Portable 
equipment is frequently used. 

Studies, both theoretical and experimental, were 
carried out to check the effectiveness of using ves- 
tigial-sideband (or nearly single-sideband) trans- 
mission of telephotograph signals. A considerable im- 
provement was reported over double-sideband trans- 
mission using the same total available frequency band 
width.’ In Germany a study was carried out of direct 
positive-picture reception, with apparently satis- 
factory results.’ 

High-quality picture transmission by ocean cable 
was initiated between London and New York early in 
the year. The system makes use of the high-speed 
loaded submarine-telegraph cable from England via 
Newfoundland to New York. The transmission system 
is new in ocean-cable practice, with 4 completely elec- 
tronic repeaters, each of which includes extensive 
electrical networks to compensate for cable distortion 
and minimize effects of extraneous interference. The 
system is noncarrier, utilizing the band from sub- 
stantially zero frequency to 150 cycles per second. 
The transmission speed is about 2 square inches per 
minute. The various news-picture organizations have 
made extensive use of the new service. 
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8 H. Nyquist and K. W. Pfleger, “Effect of the quadrature com- 
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9 W. Heintze and H. Schoenfeld, “Reception of positive pic- 
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The application of facsimile to point-to-point mes- 
sage service expanded. In addition to the commercial 
extension of the facsimile systems and apparatus, a 
new type of automatic facsimile scanner was de- 
veloped. This transmitter is designed especially to 
provide a convenient and rapid method for the collec- 
tion of telegrams and their delivery to a central office. 
This machine, known as the automatic telegraph, is 
only slightly larger than a mail box, and is installed 
in branch offices, customers’ offices, office buildings, 
hotel lobbies, etc. 

The telegram is placed in the machine by the cus- 
tomer or attendant in much the same manner as a 
letter is dropped into a mail box. At the central office 
an automatic recorder is used to record the telegram 
on a dry electrically sensitive recording paper. 

In the extension of facsimile to commercial service, 
this automatic-telegraph method was included in the 
conversion of a large branch office in New York. A 
number of these transmitters were also employed at 
both the New York and San Francisco World’s Fairs 
to handle telegrams originating at these points. 

Experiments in facsimile message transmission were 
also conducted with equipment of the type described 
above under broadcast facsimile. About 250,000 words 
of news bulletins were transmitted on this basis by 
wire from a point in Toronto and received at the 
Canadian National Exposition. The recorder produced 
black-and-white copy, using an electrolytic process on 
slightly moistened paper. 

An extensive network of public and private stations 
was developed in Europe.!°-! 
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